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The use of quaternary nitrogen compounds as bac- 
teriostatic agents for fabrics introduces factors not 
ordinarily encountered in the application of germicides. 
The nature of the cellulose or keratin governs the degree 
of adsorption of these cationic agents and the tendency 
for desorption likewise is dependent on the nature of the 
physical-chemical bond between the fiber and the 
quaternary. 

One purpose in imparting antibacterial properties to 
fabric is to prevent pathologic conditions of the skin 
alleged to be caused by the ammonia produced from 
bacterial decomposition of urinary urea. If bacterio- 
static effects are to be achieved, consideration should be 
given to the degree of desorption of the germicide from 
the fabries, since it may be that only the quaternary 
not in physical or chemical combination is free to act on 
the microorganisms. Furthermore, the efficacy of the 
quaternaries is in proportion to the germicidal suscepti- 
bility of the various species of microflora implicated in 
such conditions as ‘‘ammonia dermatitis.” 

The twofold purpose of this study was to determine 
the relative resistance of certain urease-active micro- 
organisms to the bacteriostatic action of cotton fabric 
impregnated with different amounts of five quater- 
naries and to ascertain the amount of one of the quater- 
naries desorbed from both cotton and wool fabrics. 


MATERIALS AND METHODS 


The following organisms were used after preliminary 
studies proved them to be suitable: Proteus mirabilis, 
Proteus vulgaris, 9920, ATCC, Bacterium ammoniagenes 
(strain 1), and Bacterium ammoniagenes, 6871, ATCC, 
(strain 2) and Micrococcus pyogenes var. aureus 209. 
Fach of these organisms converts urea nitrogen to am- 
monia under the experimental conditions used. 

Five quaternary nitrogen compounds were studied: 
(A) p-diisobutyl phenoxy ethoxy ethyl dimethyl benzyl 
ammonium chloride, (B) alkyl (Cs-Cis) dimethyl 
benzyl ammonium chloride, (C) alkyl (Cs—-Cyz2) naphthyl 
methyl pyridinium chloride, (D) dodecyl acetamido 
dimethyl ammonium chloride, and (E) cetyl trimethyl 
ammonium bromide. These will be referred to as Qua- 
ternary A, Quaternary B, and so forth. 

For determining relative resistance of the microor- 
ganisms to the bacteriostatic action of the quaternaries, 
samples of cotton gauze, 4 by 5 inches, weighing 1.5 g, 
were used with no treatment other than sterilizing in 


Petri dishes and drying. Duplicate samples were 
saturated with 2 ml of quaternary solution, which con- 
tained 0.5 to 4 mg of quaternary, or 0.3 to 2.6 mg per 
gram of fabric. 

After drying overnight (105 C), the samples were sub- 
cultured in 15 ml of urease test medium (Stuart et al., 
1945) (Baltimore Biological Laboratories) sterilized by 
Berkefeld candle filtration. Before the fabric was sub- 
merged, the medium was inoculated with 1 ml saline 
suspension of a 24-hour agar culture of the specific 
organism. Incubation at 37 C for 24 hours and thereafter 
at room temperature with observation at appropriate 
intervals followed. Lack of bacteriostatic activity of the 
fabric was indicated by ammonia formation, resulting 
in color change of the phenol red, pH 7.4 chosen as 
positive. To determine the time required for the 
organisms to decompose urea, control tubes were simi- 
larly inoculated and incubated. 

Stock cultures were maintained at 5 C on Bacto 
tryptone glucose extract agar slants (Difco). 

To investigate the adsorption-desorption phenom- 
enon, 1.5-g samples (314 by 314 inches) of undyed wool 
flannel, weighed under standard conditions of tempera- 
ture and relative humidity, were used, as well as the 
cotton gauze fabric described earlier. The samples 
were saturated with 2 ml of alkyl (Cs—-Cis) dimethyl 
benzyl ammonium chloride solution containing from 
0.6 to 20 mg, or 0.4 to 13.3 mg per gram of fabric. 
After drying at 105 C each sample was introduced into 
15 ml of distilled water and incubated at 37 C for 
periods of 1, 8, and 24 hours and seven days. After 
incubation, distilled water was added if necessary to 
correct for evaporation, the fabric was discarded, and 
the desorbed quaternary, as well as the initial concen- 
trations, were determined by the Auerbach method 
(1943, 1944). The solutions of quaternary were ad- 
justed by pooling or diluting so that each concentration 
fell within the limits of 25 to 100 micrograms. With red 
filter *60 readings were obtained on the Klett-Sum- 
merson colorimeter from 75 to 200, a range of low error 
(M. Auerbach, personal communication). 


RESULTS AND DISCUSSION 


Bacteriological studies. Table 1 summarizes the bac- 
teriostatic effect of fabric treated with each of the five 
test compounds. 

That cotton fabric required a wide range of concen- 
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TABLE 1. The bacteriostatic activity of quaternaries in treated 


cotton fabric 
Time Re- 


quired for 
Controls 


Quaternary (mg g Cotton) 
Organism 


to Reach 
pH 7.4 A B c D E 
Hr 
Bacterium ammoniagenes 
(1) 5 1-37) 2.6126) 28 2.6 
Proteus mirabilis 10 2.6 | 0.4 | 1.3 | 2.6 2.6 
Proteus vulgaris 12 i.e | ase 1163 1 2.3 1.3 


Bacterium ammoniagenes 


(2) 40 ie P28 1 P35 TS 1.3 
M icrococcus pyogenes 


var. aureus 72 0.3:)O.3 } 1:3 | 1:3 152.6 


* Figures represent the amount required for an 8-hr delay 
over control. 


trations to provide enough of the quaternaries to inhibit 
the organisms is apparent. For instance, the results 
with quaternaries A and B suggest that different con- 
centrations are needed to inhibit P. mirabilis or that 
the agents differ in the tenacity with which they are 
held by the fabric. 

These data illustrate the problems inherent in the 
use of quaternary germicides on fabrics. To impart 
bacteriostatic properties the concentrations of a specific 
germicide must be of a magnitude to retard all the 
urease active microorganisms. Since the degree of 
desorption of the quaternaries may differ, the assump- 
tion cannot be made that similar treatments with two 
quaternaries of equivalent germicidal levels will always 
provide fabric with identical bacteriostatic properties 
for a specific organism. 

In general, the organisms that produced urease 
rapidly also required more concentrated solutions of the 
quaternaries to achieve bacteriostasis. However, equal 
concentrations of the quaternaries were effective for 
B. ammoniagenes (2) and P. vulgaris, one with slow and 
the other with more rapid urease activity. In contrast, 
fabric treated with only 0.3 mg of quaternaries A and 
B was effective against the gram positive 7. pyogenes 
var. aureus which produced urease slowly. 

The results indicate that B. ammoniagenes (1), P. 
mirabilis, and P. vulgaris are suitable test organisms for 
measuring bacteriostatic property of fabric when the 
inhibition of ammonia is desired. 

Desorption of Quaternaries from Fabrics. Figures 1 
and 2 present the data obtained from analyzing for the 
desorbed quaternary. 

With concentrated solutions of the quaternary, 
desorption from cotton was greater than with dilute 
solutions, which tended to remain adsorbed. That 
there was a tendency to resorb during a period of one 
week at the three levels of treatment should be noted. 
When solutions more dilute than those containing 1.3 
mg per gram of cotton were used, no detectable amounts 
of quaternary desorbed. 
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Compared with the bacteriological findings, th: dat, 
show that concentrations of quaternary B pro iding 
sufficient desorbed quaternary to delay ammoni: pro. 
duction ranged from 0.3 to 2.6 mg per gram of © \ttoy 
fabric, depending on the organism. In as much as small 
amounts desorbed when low concentrations were used. 
it becomes apparent that relatively little of this qua- 
ternary produces temporary bacteriostasis agains| the 
urease activity of the organisms. For instance, if 3 
per cent of 1.3 mg desorbed into 15-ml volume, they 
this amount of quaternary was sufficient to produce 
bacteriostasis for B. ammoniagenes (1), (2), and P 
vulgaris. Considerably less of quaternary B was bac- 
teriostatic for P. mirabilis and M. pyogenes var. aureus, 
If converted into dilutions, these amounts are com- 
parable to dilutions of certain quaternaries reported 
bacteriostatic for various organisms (Lawrence 1954). 
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Fig. 1. Desorption of alkyl (Cs—C,s) dimethyl 
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Fic. 2. Desorption of alkyl (Cs—C,s) dimethyl benzyl 
ammonium chloride from wool fabric. 
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Wool retained more of the quaternary than cotton 
(figure 2). A comparison of the figures reveals that with 
13.3 ing of the germicide, approximately 50 and 15 per 
cent desorbed from cotton and wool, respectively. The 
same relative retentions hold for the cotton and wool 
samples treated at less concentrations. 

From these observations, it would be expected that 
to disinfect wool, more dilute solutions of quaternary 
would be effective than those used for cotton fabric. 
This assumption has been confirmed by studies in which 
inoculated wool fabric was immersed in quaternary 
(Goldsmith et al., 1954). 

The adsorption and desorption mechanisms of the 
surface active quaternary disinfectants must be due to 
the nature of the fibers and that of the quaternary, 
characterized by electrolytic, colloidal, and micellar 
properties. Some of these factors have been pointed 
out by Harris (1948) and Weatherburn and Bayley 
(1952). In a complex system composed of fabric, qua- 
ternary, and bacterial cells, evaluation of the forces in 
operation can be only theoretical. 

Because cotton and bacteria carry a negative charge 
in aqueous solutions, and the long chain radical of the 
quaternary a positive charge, adsorption through these 
weak forces can take place. 

The theory has been postulated that the molecule of 
quaternary orients itself hydrophobic end to hydro- 
phobic surface and hydrophilic portion to hydrophilic 
surface and is tenaciously held by 
“chemisorption.” 


forces termed 
Whatever the forces are, it would 
appear that the saturation point for 1.5 g of cotton 
fabric may be found in amounts of quaternary used in 
this study. When the fabric is treated with less qua- 
ternary than the maximum amount it is able to adsorb, 
the quaternary appears to be competitively held, so 
that insufficient amounts are available to inhibit the 
microorganisms. Conversely, with amounts of qua- 
ternary greater than the adsorptive capacity of cotton 
fabric, the excess becomes available to the cells and 
bacteriostasis is obtained. In higher concentrations, 
positively charged quaternary micelles exist and are also 
adsorbed by fabric to a slight extent (Weatherburn, 
1952). Micelles might account for the large amounts of 
quaternary retained by cotton fabric treated with high 
concentrations as compared with the amounts adsorbed 
from low concentrations. These factors may explain 
why higher concentrations of a quaternary are required 
to provide fabrics with bacteriostatic properties in 
contrast to the concentrations that are effective for 
materials other than fabrics. 

The forces governing the quaternary-wool, adsorp- 
tion-desorption phenomenon are presumably different 
from those operating with cotton. Wool, amphoteric in 
nuture, with many acidic and basic groups, is par- 
ticularly adsorptive to cationic agents varying accord- 


ing to pH and other factors. If the primary interaction 
between the protein of wool and the germicide involves 
the acidic groups of the wool and the cation, then the 
data suggest that, although wool exceeds cotton in 
amounts of quaternary adsorbed, the retention is less 
complete, with possibly a reversible reaction in opera- 
tion when wool is immersed in water. Desorption of 
quantities undetectable by chemical means may occur, 
since one of the authors of this paper found that 
sterilization of wool fabric with this quaternary pre- 
vented subsequent deterioration by microorganisms 
inoculated on the fabric, irrespective of the methods 
used to eliminate the residual quaternary by serial 
rinsing or neutralizing with an anionic agent. 


SUMMARY 


The bacteriostatic activity of five quaternary 
nitrogen compounds has been evaluated after their 
application to fabric. This activity has been measured 
in terms of inhibition of ammonia production by urease 
active organisms in a medium containing urea as a 
nitrogen source. 

Fabric containing 0.3 to 2.6 mg quaternary per gram 
of fabric retarded ammonia formation when subcultured 
in the inoculated medium. Bacterium ammoniagenes (1), 
Proteus mirabilis, and Proteus vulgaris proved to be the 
most suitable test organisms studied. 

Cotton and wool differed in their capacity to adsorb 
quaternary compounds. When the fabrics were treated 
with a high concentration, more quaternary com- 
pound desorbed from cotton than from wool. 

With either cotton or wool, low concentrations of 
quaternary desorbed less readily from the fabric than 
high concentrations. 

The theoretical aspects of quaternary adsorption and 
desorption are discussed. 
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The medium which supports bacterial growth exerts 
a governing influence on the rate and extent of bac- 
terial growth. Where the growth of lactic acid bacteria 
is favored by the presence of acid, other bacteria are 
unfavorably affected. This fact is of importance in the 
sauerkraut fermentation where the formation of acid 
soon retards the growth of spoilage type organisms. 

Another factor which influences the growth of bac- 
teria is the oxidation-reduction potential of the medium 
(Allyn and Baldwin, 1923). The initial oxidation- 
reduction potential of the medium exerts a governing 
influence on the growth of bacteria when adverse states 
of oxidation exist within the bacterial environment. 
This action may be selective at times, since some bac- 
teria grow more favorably than others at lower oxida- 
tion-reduction potentials. It is a general phenomenon 
that growing bacteria lower the oxidation-reduction 
potential. The lowering of the potential by one of two 
organisms in mixed culture may result in a relationship 
where one species creates optimum oxidation-reduction 
potential for the growth of the second organism. 

The extent to which these changes in electrode poten- 
tial affect the growth of the natural flora in sauerkraut 
becomes of interest in view of the consistent appearance 
of acid-forming bacteria which appear shortly after the 
salting of the shredded cabbage (Pederson, 1930). 

No work has been reported in the literature to indi- 
cate the importance of oxidation-reduction potentials 
in relation to optimum growth of lactic organisms 
during the sauerkraut fermentation. For this reason, 
the following study was made. Electrode potential 
measurements were obtained from pure cultures and 
also from sauerkraut fermentations, in addition to 
determinations of total numbers of acid-forming 
bacteria and titratable acidity. This study was ex- 
tended to determine the effects of added cultures of 
Aerobacter cloacae which has been identified recently as 
a predominant member of the gram negative group 
normally found at the beginning of the sauerkraut 
fermentation (Fulde and Fabian, 1953). 


1 Journal Article No. 1707. 

2 Bacteriologist, Swift and Company, Research Department, 
Chicago, Illinois. 

3 Professor of Microbiology and Public Health, Michigan 
State College, East Lansing, Michigan. 
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EXPERIMENTAL METHODS 


Electrode potential measurements were obtained in 
pure culture by employing two platinum electrodes 
enclosed within a culture container 12 cm long and 35 
em in diameter (figure 1). This container was closed by 
means of a four-holed rubber stopper which contained 
the platinum electrodes (1) and (2); sintered glass- 
tipped salt bridge (3); and a short piece of glass tubing 
which served as the opening through which the desired 
organisms were inoculated into the container (4). 
Figure 1 shows the placement of the electrodes within 
the culture container and the manner in which the 
salt bridge, agar salt bridge, calomel electrode and 
potentiometer were employed for obtaining electrode 
potential measurements. This apparatus was employed 
also for a mixed culture study where Aerobacter cloaca: 
and acid-forming bacteria were introduced into sterile 
salt-expressed cabbage juice in which a differential 
bacterial count, an acid titration, and an electrode 
potential were determined. Differential count was made 
by employing a V-8 medium (Fabian et al., 1953), 
whereby A. cloacae appeared as white lenticular shaped 
colonies and the acid-forming bacteria appeared as dark 
colonies with a yellow halo. Acid titration was deter- 
mined by withdrawing a 1.0-ml sample from the culture 
container and titrating with 0.0156 Nn NaOH using 
phenolphthalein as an indicator. 

Two test media were used for studying the electrode 
potentials in pure culture. One of these was an Eh test 
broth medium prepared by adding the following to 1 liter 
of distilled water: 20 g peptonized milk, 30 g glucose, 
and 2 g yeast extract. The second of these media was 
salt-expressed cabbage juice which was prepared by 
salting shredded cabbage with 2.0 per cent salt and 
setting it aside for a period of one-half to two and one- 
half hours. At the end of this time, the shreds were 
squeezed by hand, dispensed into the culture containers 
in 50-ml quantities and sterilized at 15 lbs for 15 min- 
utes. One ml of a 1:100 dilution of a 24-hour sample 
cultured in 8 ml of Eh broth medium served as an 
inoculum for all the tests involving electrode potential 
measurements in pure culture. 

The sampling technique which has been used for 
preliminary bacteriological studies (Fulde and Fabian, 
1953) was modified so that two platinum electrodes 
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Fic. 1. Schematic drawing of apparatus used for de- 

















termining electrode potentials in pure culture. 


could be introduced into the sample container and the 
electrode potential, acid titration, and bacterial analy- 
sis could be made simultaneously during the sauerkraut 
fermentation. After the platinum electrodes were 
properly cleaned, sterilized and secured within the 
sample container, the sample of cabbage juice was 
withdrawn from the gallon container according to the 
fabian, 1953). The 
rubber stopper of the sample container was removed 
and the sintered glass-tipped salt bridge was introduced 


described technique (Fulde and 
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Fig, 2. Time potential curves of Aerobacter cloacae, Flavo- 
bacterium rhenanus, Leuconostoc mesenteroides, Lactobacillus 
plantarum, and culture 508a in Eh broth medium. 
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into the sample container and held firm by a one-holed 
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rubber stopper. An agar salt bridge completed the 
circuit from the calomel cell to the sintered glass-tipped 
salt bridge whereby electrode potential measurements 
were obtained with the potentiometer. The sample was 
returned to the gallon jar by nitrogen pressure every 
few hours and immediately resampled to insure repre- 
sentative fermenting conditions within the sample 
container. Bacteriological analysis and acid titration 
were made three times daily. 

The inoculum of A. cloacae was prepared by inoculat- 
ing 50 ml of sterile salt-expressed cabbage juice from 
an agar slant. After 24 hours incubation at 27 C, the 
total amount of inoculum was then placed in a 5-gallon 
crock and mixed well with the salt and cabbage shreds. 
This mixture was transferred to a gallon jar and the 
sample tube inserted and connected to the sample 
container. Bacteriological analyses (employing the V-8 
medium), electrode potential measurements and acid 
titrations were carried out as in the normal sauerkraut 
fermentation. 


RESULTS AND DISCUSSION 


Figure 2 shows that a definite difference was ob- 
tained between the reducing ability of A. cloacae as 
compared with those of Leuconostoc mesenteroides, 





+04 


+0.3) 


En (VOLTS) 
- 
- 











—" 4 eo eer 4 mo m “ 4 4 4 ‘ 
2 6 o # Bw2wteeBeHNesH BH 42H 6 HOH BH G2 
TIME IN HOURS 


+ ee 





Fig. 3. Time potential curves of Aerobacter cloacae (201 and 
102) and acid-forming bacteria (108 and 508a) in sterile salt- 
expressed cabbage juice. 

Note: When the upper and lower potential readings were the 
same, only one graphic value was plotted. When these values 
differed, the lower electrode was plotted as usual and the upper 
potential was plotted by using a dotted line with the same 
symbol used to designate the organism. 

O A. cloacoe—(201) 

@ A. cloacoe—(102) 

@ Acid-forming bacteria (108) 

O Acid-forming bacteria (508a) 
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Lactobacillus plantarum, Lactobacillus brevis, and other 
acid-forming bacteria isolated from the sauerkraut 
fermentation. In the Eh broth medium, A. cloacae was 
capable of lowering the potential 5 hours after inocula- 
tion. By 8 hours, the medium attained a maximum low 
of —0.20 volts, as also noted in the case of Aerobacter 
aerogenes by Faville and Fabian (1949). The electrode 
potential curve for A. cloacae was very different from 
those of L. mesenteroides, L. plantarum, and L. brevis 
where only weak reducing activity was noticed. 

In sterile salt-expressed cabbage juice inoculated 
with A. 
shown in figure 3. However, the potential began to rise 
shortly after adding the inoculum and soon exceeded 
the values of the control by 0.10 volts. The increase 
was only temporary, after which the potential decreased 
again. The rise in potential was very different from 
that obtained in the Eh test medium with this same 
organism. In searching for an explanation of this 
phenomenon, it is believed that the cabbage juice 
possibly contains a thermostable inhibitor of the 
catalase system whereby the accumulation of peroxide 
takes place. The substance inhibiting the catalase 
system may act by blocking or tying up the catalase 
enzyme in a manner similar to that classified as com- 


cloacae the potential began to decrease, as 
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Fic. 4. Relationship between titratable acidity and elec- 
trode potentials of Aerobacter cloacae and Leuconostoc mesente- 
roides in pure and in mixed culture using sterile salt-expressed 
cabbage juice. 
O A. cloacae 
O L. mesenteroides 
@ Mixed culture 
TA Titratable acidity 
Control 
Upper electrode 
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petitive inhibition. Depending on the initial amou it of 
the competitive substrate, inhibition of the cat ilase 
system continues until the amount of catalase ex: eeds 
the amount of the substance capable of blocking oy 
combining with catalase. This latter would corres sond 
to the secondary drop in potential. 

The apparent differences between the reducing ability 
of A. cloacae and L. mesenteroides suggested fu: ther 
tests to determine whether the lowering of the elect rode 
potential by A. cloacae favored or hindered acid forma- 
tion by the acid-forming bacteria, since A. cloacac has 
been observed to multiply during the early stages of 
normal sauerkraut fermentation. Figure 4 shows the 
electrode potential and the titratable acidity obtained 
when the two organisms were cultivated singly and in 
mixed culture. These results show that the formation 
of acid was slightly increased when the two organisms 
were cultivated in mixed culture. The electrode poten- 
tial of the mixed culture decreased more quickly due 
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Fic. 5. Relationship between acid formation, electrode 
potentials, and bacterial microflora in normal sauerkraut and 
in sauerkraut inoculated with Aerobacter cloacae. 
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Fic. 6. Relationship between acid formation, electrode 
potentials, and bacterial microflora in normal sauerkraut and 
in sauerkraut inoculated with Aerobacter cloacae. 
@ Control—uninoculated 
Inoculated with A. 
GNB Gram negative bacteria 
AFB Acid-forming bacteria 
ith Electrode potential 


TA Titratable acidity 


cloacae 


to the growth of A. cloacae and the lower potential 
apparently favored the formation of acid. 

In view of the increased rate of acid formation when 
A. cloacae was grown in mixed culture with L. mesen- 
teroides, it was of interest to determine whether A. 
cloacae or members of the gram negative group nor- 
mally’ present at the beginning of the sauerkraut fer- 
mentation could similarly cause a low electrode poten- 
tial and thus favor the growth of the acid-forming 
bacteria during the normal sauerkraut fermentation. 
Figures 5 and 6 show that the electrode potential was 
greatly affected by the addition of the 24-hour inoculum 
of A. 
inoculum, the electrode potential decreased 0.40 to 


0.45 volts; the control decreased about 0.05 volts. The 


cloacae. Two hours after the addition of the 








growth of A. cloacae was poorer in the inoculated 
sauerkraut shown in figure 6 than in the inoculated 


sauerkraut shown in figure 5. The greater growth of 
A. cloacae in the latter sauerkraut may be correlated 
with the secondary drop in electrode potential that was 
observed after 15 hours. The acid-forming bacteria also 
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appeared sooner where the greater growth of A. cloacae 
took place. It appeared that the lower potential ob- 
tained in this case might have favored the growth of 
the lactic acid bacteria. Figure 5 shows that the titrat- 
able acidity also increased faster than in the normal 
sauerkraut. A. cloacae did not grow well in the inocu- 
lated sauerkraut shown in figure 6 and the acid-forming 
bacteria in this instance did not show the stimulating 
response that was found in the test in figure 5. In the 
latter case, however, the normal growth of the gram 
negative bacteria was quite extensive and this may have 
been the cause of the increased growth of the acid- 
forming bacteria. 

In all studies, the final electrode potential, in both 
inoculated and uninoculated fermentations, leveled out 
near 0.0 volts after about 80 hours. 


SUMMARY 


The introduction of Aerobacter cloacae into the sauer- 
kraut fermentation indicated that the growth of this 
organism lowered the electrode potential. The lowering 
of the potential, and/or other factors, appeared to favor 
the growth of the acid-forming bacteria since the acid- 
forming bacteria appeared sooner than in a similar 
fermentation where A. cloacae was not added. In one 
of the fermentations, A. cloacae did not grow well and 
in this instance the growth of the acid-forming bacteria 
was delayed rather than favored. 

The electrode potential decreased during the be- 
ginning stages of the normal sauerkraut fermentation 
with the growth of the gram negative organisms. How- 
ever, the low potentials obtained for A. cloacae in pure 
culture were not reproduced in the normal sauerkraut 
fermentation. 
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Fish stickwater, also referred to as press water, is a 
by-product of the fish-processing industry. It consists 
of the fluids expressed from cooked fish or fish waste 
materials when the latter are converted to meal. After 
removal of the greater part of the oil by centrifugation, 
the stickwater can be condensed to a product called 
solubles which contains, usually, about 50 per cent 
solids. If no further treatment than evaporation were 
involved in the preparation of solubles, the product 
would be too viscous and would contain too much oil 
to be suitable for commerce. This unsatisfactory 
viscosity and oil content results primarily from the 
presence of suspended and dissolved protein in the 
original stickwater. Various methods have been devised 
to overcome the effects of this protein. In one process, 
the protein is coagulated with acid and removed by 
centrifugation (Lassen, 1945); in another, the protein 
molecules are converted to small fragments using 
proteolytic enzymes (Gunther and Sair, 1948). It is the 
purpose of the present program to devise the best 
method of preparing solubles from stickwater obtained 
from Pacific coast herring. 

To treat stickwater with commercially available 
proteolytic enzymes, the temperature must not exceed 
140 F (60 C). In as much as stickwater leaves the pre- 
vious stage of processing at temperatures above 200 F 
(93 C), it must be cooled to 140 F. Without special 
cooling facilities and with the large volumes of stick- 
water involved, cooling to the desired temperature can 
take as long as 48 hours under plant conditions. During 
this time, as much as 15 to 20 per cent loss in solids 
from the stickwater has been found to take place. In 
spite of the relatively high temperatures involved, this 
solids loss has been found to be due to the action of 
bacteria. The characteristics of this bacterial decompo- 
sition of stickwater at high temperatures are the subject 
of the present report. 


MATERIALS AND METHODS 


It was not possible to duplicate in the laboratory the 
exact conditions prevailing in a plant when a large 
volume of stickwater is cooled from 200 F to 140 F. 
Instead, 750-ml samples of stickwater in pyrex bottles 
each covered with a watch-glass were held at arbitrarily 


selected temperatures between 140 F and 200 F° in 
thermostatically controlled glycerol baths. 

Source of stickwater. Supplies of stickwater were ob- 
tained from a local plant. Samples of fresh stickwater 
at temperatures between 180 and 200 F were collected 
in cans, cooled quickly and stored at —10 F until ready 
for use. It was established that cooling and reheating 
did not affect the way in which stickwater decomposed 
at high temperatures. 

Total solids. Ten-ml samples of stickwater were 
evaporated to dryness and brought to constant weight 
using infra-red lamps. To compensate for loss of water 
due to evaporation between samplings, the volume of 
the stickwater was readjusted to the level prevailing 
immediately after the previous sampling, before each 
new sample was taken. 

Bacterial counts. To provide suitable media for bac- 
terial counts, stickwater was first boiled for five minutes 
to coagulate protein and then centrifuged at 20,000 x 
gravity until clear. Solid medium was prepared by 
adding 1.5 per cent agar to the clarified stickwater. For 
the growth of anaerobes 0.2 per cent sodium thiogly- 
collate was also included in the medium and counts 
were made using Brewer plates. All plates were incu- 
bated at 60 C for 48 hours before counts were made. 


RESULTS 


Stickwater was held at constant temperatures of 
180 F (82.2 C), 160 F (71.3 C) and 140 F (60 C) for 48 
hours and the total solids content determined initially 
and finally in each case. A loss of nearly 14 per cent of 
the total solids was observed at 140 F and smaller 
losses occurred at 160 F and 180 F (table 1). A further 
subdivision of temperature was made and the experi- 
ment repeated with storage temperatures of 140, 150 
and 160 F. Again, the results showed that the greatest 
solids loss occurred at 140 F, and it was also found that 
considerable loss took place at 150 F (65.6 C). As the 
greatest loss of solids was observed at 140 F, this 
temperature was selected for most of the subsequent 
work. 

That the loss in solids, even at the high temperatures 
involved, results from the action of bacteria is apparent 
from the following experiments. In one experiment, the 
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TaBLe 1. Effect on the loss of total solids of holding stickwater 
at various temperatures for 48 hours 
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Fic. 1. Loss of total solids and change in bacterial numbers 


with time in herring stickwater held at 140 F (60 C). Curve 1, 
change in solids content; curve 2, number of anaerobes; curve 
3, number of aerobes. 


total solids content of a sample of stickwater was 
determined at ten-hour intervals for a period of 50 
hours. At each time interval a count was made of the 
number of aerobic and anaerobic bacteria present in the 
stickwater. The results (figure 1) reveal that the bac- 
terial population of the stickwater increased with time, 
and as it did so the solids content of the stickwater 
decreased. It appears significant that there is a ten- 
hour lag period preceding any appreciable change in the 
size of the bacterial population, while over the same 
time interval no loss in solids took place. Following this 
lag, a very great increase in the bacterial population 
took place between 10 and 20 hours, and this change in 
population was accompanied by a marked loss in solids. 
It is also of interest that the maximum number of 
aerobes was recorded after 20 hours while none could be 
detected after 30 hours. It is most probable that the 
aerobic organisms died out after utilizing all of the 
available oxygen in the stickwater. In the same experi- 
ment, the change in pH of the stickwater over the 50- 
hour period was also recorded. It was found to rise 
progressively from an initial value of 6.5 to a final one 
of 7.5 over the interval. 
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To further relate solids loss to the activities of the 
bacterial population, one sample of stickwater was 
boiled vigorously for 5 minutes, a second was autoclaved 
at 120 C for 30 minutes and a third was left untreated. 
All three samples were held at 140 F for 48 hours. 
Total solids were determined at the beginning and at the 
end of the experiment. The results in table 2 reveal that 
only in the autoclaved sample was there no appreciable 
loss in solids. Preliminary boiling, on the other hand, 
did not prevent solids loss. Since boiling will kill 
vegetative bacterial cells but not spores, and auto- 
claving under the conditions indicated will usually kill 
both, it is evident that spore-forming bacteria are 
primarily responsible for the loss in solids from stick- 
water held at 140 F. 

In an attempt to reproduce the loss of solids from 
stickwater during storage, an anaerobic organism was 
isolated from the stickwater in pure culture. Mor- 
phologically, this gram positive, anaerobic, spore- 
forming rod resembled members of the genus Clostrid- 
ium. When inoculated into a sterilized sample of 
stickwater and incubated at 140 F for two days, a 7.3 


TABLE 2. Effect of various heat treatments on subsequent loss of 
solids from stickwater upon storage at 140 F for 48 hours 
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Fie. 2. Effect of aeration on change in solids content of 
herring stickwater with time at 140 F. 
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per cent loss of solids occurred, roughly half the loss 
usually obtained. It would thus appear that a consider- 
able part, but not all, of the decomposition obtained in 
the stickwater is due to the action of this anaerobic 
spore-forming bacterium. 

Under plant conditions, aeration has been con- 
sidered as a means of speeding up the process of cooling 
the hot stickwater to 140 F. Therefore, it was of in- 
terest to determine the effect of aeration on the extent 
of the solids loss from stickwater held for 48 hours at 
140 F. It is evident from figure 2 that under conditions 
of aeration the solids loss which occurred was about 70 
per cent of that which took place under anaerobic 
conditions. The manner in which solids disappeared 
with time, however, differed. The loss in solids during 
the first ten hours increased from approximately 1 per 
cent under anaerobic conditions to almost 5 per cent 
under aerobic conditions. 


DISCUSSION 


Thermophilic aerobic, anaerobic and facultatively 
aerobic spore-forming bacteria are widely distributed 
in nature, even in environments unfavorable for their 
development (Allen, 1953). Both sea water (Newton, 
1924) and ocean bottom mud (Bartholomew and 
Rittenberg, 1949) have been found to be sources of these 
forms. Fish stickwater provides an excellent nutritive 
environment for the growth of microorganisms. One 
would expect, then, that because stickwater, during 
its production, is maintained for various periods at 
temperatures suitable for the growth of thermophiles, 
large populations of these forms would develop in it. 
Because of their ability to form spores capable of lying 
dormant in the processing equipment under unsuitable 
conditions, relatively large inocula of thermophiles 
would thus be available to bring about decomposition 
of subsequent batches of stickwater. 

Because of the wide distribution of thermophiles in 
nature, one would not expect contamination of stick- 
water by thermophilic organisms to be a purely local 
problem. In support of this conclusion is the fact that 
stickwater samples from the two plants producing this 
by-product in the Vancouver area all decompose in 
much the same way at high temperatures. Furthermore, 


‘ OL, 3 


stickwater obtained at different seasons of the yea 
from these plants displayed the same pattern of d: com. 
position. In addition, it has been reported that di com. 
position of stickwater at a point far distant from her 
occurred at temperatures up to 85 C (Lassen :/ a] 
1951). 


SUMMARY 


A loss in total solids takes place in herring stickwate 
held for 48 hours at temperatures ranging from 140 F 
(60 C) to 180 F (82 C). This solids loss, which ean 
amount to as much as 15 to 20 per cent of the total 
solids present in stickwater at 140 F, decreases to about 
2.5 per cent as the temperature increases to 180 F, 
When the loss of total solids with time was compared 
with the change in bacterial population of the stick- 
water over the same period, it was found that the loss 
in solids paralleled a corresponding rise in the bacterial 
population. Boiling the stickwater for 5 minutes did not 
reduce the amount of decomposition which could take 
place, but autoclaving at 120 C for 30 minutes almost 
completely prevented decomposition. A spore-forming 
anaerobe isolated in pure culture from the stickwater, 
when inoculated into sterile stickwater, produced only 
about one-half of the total amount of decomposition 
obtained in unsterilized stickwater. The evidence ob- 
tained suggests that a mixed population of aerobic and 
anaerobic spore-forming thermophiles is responsible for 
the decomposition of stickwater at high temperatures. 
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Previous studies (MacLeod et al., 1955) have revealed 
that 15 to 20 per cent loss in solids can occur in herring 
stickwater held at 140 F (60 C) for 48 hours. Smaller 
losses can occur at even higher temperatures. These 
solids losses have been shown to be due to the action of 
spore-forming thermophilic bacteria. 

Stickwater is currently processed by two different 
methods. In the one case, in which stickwater is acidu- 
lated in order to remove protein and facilitate the sep- 
aration of “bound oil,’ the acid used also acts as a 
preservative (Lassen, 1945). In the other, in which 
proteolytic enzymes are used to treat stickwater prior 
to condensation to solubles, an essentially neutral 
medium is required and under these circumstances 
decomposition by thermophilic bacteria can be serious. 
Sodium acid pyrophosphate is the only preservative 
which, so far, has been suggested for use under these 
conditions (E. P. McFee, personal communication). 

Antibiotics have been successfully employed to 
preserve fresh fish, meat (Tarr et al., 1952, 1954), and 
other food products (Lundberg and Chipault, 1954). 
This paper describes the results obtained when a num- 
ber of chemicals and antibiotics were tested to deter- 
mine their ability to prevent bacterial decomposition 
of stickwater at high temperatures. 


MATERIALS AND METHODS 


The materials and methods employed have been 
described (MacLeod et al., 1955). 

Preservatives were added to the stickwater at 140 F 
with thorough mixing, after which the mixture was 
agitation at this temperature for 48 
hours. Sodium nitrite, versene, and sulfanilamide were 
each tested at levels of 1000, 100, and 10 parts per 
million (ppm) (table 1). All three prevented solids loss 
only at the 1000-ppm level. Sodium acid pyrophosphate 
was effective at a concentration of 0.25 per cent based 
on weight of the stickwater, that is, at a level of 2500 
ppm. This observation confirms the finding of McFee 
who used rosefish stickwater (EK. P. McFee, personal 
communication). In separate experiments, sulfathiazole 
was found to have a considerable though quite variable 
action in preventing the decomposition of stickwater. 


stored without 


Qn one occasion, 10 ppm of sulfathiazole completely 


prevented solids loss while on another occasion, 100 
ppm was only partially effective. 

When antibiotics were tested, these were added to 
the stickwater at two levels, 1 ppm and 10 ppm, for 
preliminary screening purposes. Penicillin G, Achromy- 
cin, hygromycin and erythromycin were each found to 
be completely effective at 10 ppm, and each was also 
fairly effective at 1 ppm as the data in table 2 show. A 
great variation in effectiveness was observed with 
Aureomycin. On one occasion, Aureomycin was com- 
pletely effective at 10 ppm and on another, 20 ppm 
permitted 50 per cent of the total decomposition of an 
untreated sample to take place. 

The results obtained in the preliminary screening 
revealed penicillin G to be the most promising antibiotic 
for preserving stickwater under the conditions em- 
ployed since it was the most effective of those tested, 
and from the economic standpoint is the least expen- 
sive. For this reason, the preservative action of peni- 
cillin G was considered in more detail. 

The minimum concentration of penicillin G which 
would completely inhibit bacterial action at 140 F wa 
determined (table 3). It is apparent that a level of 
ppm is completely effective. 

A temperature of 140 F, which was used in the pre- 
liminary screening experiments, would be the final 
temperature in the cooling process and some bacterial 
decomposition is known to take place above 140 F 
(MacLeod et al., 1955). It was therefore necessary to 
determine if penicillin G would still be effective at 
higher temperatures. It was considered unlikely that the 
antibiotic would be subjected to any one of the higher 
temperatures chosen for lengths of time exceeding 10 
hours. Penicillin G was thus added to stickwater at 
160, 180, and 200 F and held at these temperatures for 
10 hours. At the end of this time, all flasks were cooled 
to 140 F and incubated for 48 hours. Solids loss at the 
end of the 10- and 48-hour periods was determined. 
The results are shown in table 4. Even 1 ppm of peni- 
cillin G retains its effectiveness in preventing decompo- 
sition when stickwater is maintained at 160 F for 10 
hours prior to incubating at 140 F for 48 hours. At 


Ss 
») 


180 F, on the other hand, 1 ppm is only partially 
effective, though 10 ppm still gives complete protection. 
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TaBLE 1. Effect of various chemicals on the total solids content 


of herring stickwater held at 140 F for 48 hours 





Substance Added Level Tested Loss of Total 


Solids 
ppm per ae 

Sodium nitrite 0 22.5 
10 20.3 

100 15.0 

1000 2.6 

Versene 10 16.5 
100 16.1 

1000 4.5 

Sulfanilamide 0 14.5 
10 15.8 

100 12.9 

1000 3.8 

Sodium acid pyrophosphate 0 14.1 
625 14.5 

1250 7.6 

2500 0.3 

—1.8 


5000 





TABLE 2. Effect of various antibiotics on the solids content of 


stickwater held at 140 F for 48 hours * 





Loss in 
Total Solids 


Experiment Antibiotic Added 


1 ppm 


per cent 


1 None 20.8 
Penicillin G 3.1 
Erythromycin 6.5 
2 None 18.8 
Penicillin G 3.9 
Achromycin fe 
Hygromycin 7m 


TABLE 3. Level of penicillin G required to completely prevent 
solids loss from stickwater held at 140 F for 48 hours 


Amount of Penicillin Added 


ppm 


Loss of Total Solids 





per cent 


Boss ae 12.0 
1 1.3 
Fee 0.0 
eae 0.0 


A temperature of 200 F for 10 hours greatly reduces the 
subsequent effectiveness of even the 10-ppm level of 
penicillin G. 

Cooling and agitation are frequently effected by 
bubbling a stream of air through the stickwater. In 
view of this, it was necessary to determine the effective- 
ness of penicillin G in stickwater which was con- 
tinuously aerated. An experiment similar to the pre- 
vious one was carried out, that is, 10 hours holding at a 
temperature greater than 140 F followed by 48 hours 
storage at 140 F. In this case, however, the stickwater 
was continuously aerated during the preliminary 10- 
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hour period. The results (table 5) show that 1( 
of penicillin G is not so effective under conditi: 
aeration as it is when the stickwater is not aerate: 
temperature of 180 F for 10 hours, prior to incul 
at 140 F. Also, at 160 F, under conditions of aer: 
1 ppm of penicillin G is not so active in preventing 
solids loss as was found under anaerobic conditions 
(table 4). It should be noted, however, that twice as 
much solids are lost during the 10-hour period at 180 F 
under aerobic as under anaerobic conditions in the 
absence of penicillin G. 


ppm 


is of 


tion, 


Because penicillin G was effective in preveuting 
bacterial decomposition of stickwater in very low con- 
centrations at high temperatures, one might expect 
that at room temperature the same concentrations of 
the antibiotic might prevent bacterial action almost 
indefinitely. That this is not the case, however, is shown 
in figure 1, where it is evident that both 10 ppm and 1 
ppm are effective for little more than 72 hours. 


TaBLe 4. Effect of holding stickwater containing penicillin G 
at temperatures greater than 140 F on the ability of penicillin 
G to subsequently prevent solids loss at 140 F 


Loss of Total Solids 
_ Temperature of Amount of 
Initial 10-hour Period Penicillin G 


Added After preliminary | After 48 hours 
40 F 


10-hour period ati 
F - ppm per cent per cent 
160 0 0.65 16.0 
] 0.75 2.0 
10 0.75 LZ 
180 0 0.00 14.6 
1 0.25 9.5 
10 0.85 1.5 
200 0 0.60 15.8 
1 1.10 13.4 
10 0.75 9.8 


TaBLe 5. Effect of aeration for 10 hours at various temperatures 
on the ability of penicillin G to subsequently prevent solids loss 
from stickwater maintained at 140 F for 48 hours 








Loss of Total Solids 
Penicillin 


Preliminarv Tres NG 
Preliminary Treatment After 


Added | 
oe After 48 hours 
etna | at MOF 
F wy per cent per cent 
160 Aerated 0 5.5 15.9 
1 1.9 ao 
10 —0.5 —1.3 
180 Aerated 0 6.3 r.7 
1 5.5 6.1 
10 —0.4 6.0 
180 Nonaerated 0 2.9 13.5 
1 0.9 9.2 
10 | 2.6 


—0.6 
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Fic. 1. The effectiveness of penicillin G in preventing solids 
loss from herring stickwater at room temperature. Curve 1, no 
added penicillin G; Curve 2, 1 ppm of penicillin G; Curve 3, 
10 ppm of penicillin G. 





DISCUSSION 


The effects of pH and temperature on the stability of 
penicillin G have been quite thoroughly investigated 
(Brodersen, 1947). According to Brodersen’s data, after 
10 hours at 160 F, 50 per cent of the added penicillin 
G would survive, while at 180 F, 16 per cent and at 
200 F, 2 per cent would remain. From our knowledge 
of the amount of penicillin G required to inhibit the 
decomposition of stickwater at 140 F, the amount of 
protection obtained from the penicillin G after holding 
the stickwater for 10 hours at higher temperatures prior 
to storage at 140 F is found to agree very closely with 
that which can be predicted from the published stability 
data. On the other hand, penicillin G would be expected 
to survive for a much longer time than the three days 
during which it is able to prevent decomposition of 
stickwater at room temperature. In as much as the 
bacterial flora operative at high temperatures would 
not be expected to be concerned with decomposition of 
stickwater at room temperature, there is no necessary 
relation between the ability of penicillin G to protect 
against bacterial action in stickwater in the two tem- 
perature ranges. It would appear that at room tem- 
perature a flora resistant to penicillin G becomes 
dominant in stickwater after a lag period. 

Because it has been found that only a negligible 
amount of decomposition of stickwater took place at 
180 F (MacLeod et al., 1955), it would appear desirable 
in commercial practice to withhold the addition of 
penicillin G until the temperature had dropped at least 
to this point. If cooling from 180 to 160 F could be 
accomplished within ten hours, the lag period preceding 
the beginning of decomposition in stickwater (MacLeod 
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et al., 1955), then 1 to 2 ppm of penicillin G added at 
160 F would completely prevent solids loss. Because of 
the decreased ability of penicillin G to prevent solids 
loss when stickwater is aerated at a high temperature, 
it is apparent that aeration for cooling and mixing 
should be avoided. 

Adding penicillin G to stickwater at a level of 2 ppm 
would increase the cost of producing the finished 
solubles by about .06 cents per pound at the current 
market price of this antibiotic. 
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SUMMARY 


Several chemicals and antibiotics have been tested 
for their ability to prevent the decomposition of stick- 
water by bacteria at 140 F (60 C) over a 48-hour period. 

Sodium nitrite, versene, sodium acid pyrophosphate 
and sulfanilamide were effective only at relatively high 
concentrations. Sulfathiazole and Aureomycin were 
quite effective but showed a variable ability to prevent 
decomposition. Streptomycin, neomycin, and Terramy- 
cin were either ineffective or only partially effective at 
10 ppm. Penicillin G, erythromycin, Achromycin, and 
hygromycin were completely effective at 10 ppm and 
each had appreciable activity at 1 ppm. 

Penicillin G completely prevented bacterial decom- 
position of stickwater during a 48-hour period at 140 F 
when added at a level of 2 ppm. The effect of main- 
taining stickwater at temperatures above 140 F for 10 


TABLE 6. Loss of total solids from stickwater in the presence 
and absence of penicillin at temperatures below 140 F 








Loss in Total Solids 
after 48 Hours 


Storage Temperature Penicillin G added 


F ppm 








per cent 

140 (60 C) 0 9.1 
1 0.3 

130 (55 C) 0 34.2 
1 0.5 

140 (60 C) | 0 15.5 
1 3.2 

120 (49 C) 0 40.4 
1 0.1 

110 (48 C) | 0 41.4 
1 0.1 

98.6 (37 C) 0 35.2 
1 —0.3 
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hours, with or without aeration, on the ability of peni- 
cillin G to prevent the decomposition of stickwater at 
140 F was determined. At room temperature, penicillin 
G was found to curb bacterial action for about 72 hours. 

The addition of penicillin G at a level which would 
prevent bacterial decomposition of stickwater at high 
temperatures would increase the cost of condensed 
solubles by about 0.06 cents per pound. 


ADDENDUM 

Although the authors were primarily concerned with 
the decomposition of fish stickwater at temperatures of 
140 F and higher, the extent and control of decomposi- 
tion at somewhat lower temperatures was considered 
after submission of the above manuscript. Because the 
results obtained are striking and are of interest where 
treatment of stickwater by enzymes having temperature 
optima below 140 F may be considered, they are in- 
cluded here. 

It is evident from table 6 that a drop in temperature 
of only 10 F (from 140 to 130 F) brings about a four- 
fold increase in the amount of solids lost from the fish 
stickwater stored for a 48-hour period. Losses of 
comparable magnitude are observed at temperatures 
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down to 98.6 F. At these temperatures up to 40 pe cen; 
of the total solids can be converted to gaseous pro lucts 
and water over a 48-hour period. This loss can be . ithe; 
completely eliminated or reduced to negligible p: »por. 
tions by the addition of 1 ppm of penicillin G to the «tick. 
water. 
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Most of the world’s supply of flor sherry is produced 
in a strictly limited area in and around Jerez de la 
Frontera in Southern Spain. The procedure for making 
flor sherry differs in two important aspects from that 
for California type sherry. First, it is not baked and 
secondly, during its development and aging a special 
wine yeast (flor yeast) forms a heavy film on the wine. 
This takes place in large barrels known as butts. The 
film is aerobic and usually covers the entire surface of 
the wine. It produces the rather pungent bouquet and 
flavor characteristic of Spanish flor sherries. 

In the production of such sherries the butts are ar- 
ranged in a series of four or more units and the series 
are multiplied to give a solera which may contain a 
hundred or more butts. 

A portion of fully aged sherry is drawn off from the 
last butt in each series periodically, normally twice a 
year, the amount removed at each withdrawal usually 
being about one-fourth of the contents. It is replaced by 
wine drawn from the preceding butt and this in turn is 


replenished from the one preceding it and so on to the 
first cask which is replenished with new wine. The aged 
Wine is, according to most accounts, never less than six 
years old and as the solera is maintained for many years, 
part of the wine is very old. 

The solera process as conducted in Spain, therefore, 
is slow, laborious and costly. The present investigation 
was undertaken to determine whether growth of the 
flor film and its activity could be increased by the 
addition of one or more growth-promoting substances. 
(The commercial production of flor sherries has been 
described by de Castella, 1926; Gonzales-Gordon, 1935; 
Domecq, 1940; Bobadilla, 1943; and Cruess, 1948, and 
others.) 

Flor yeasts closely resemble the wine yeasts used in 
the production of table wines and dessert wines, except 
that they have the ability to grow as a film on wine of 
suitable alcohol content. The morphology and cultural 
characteristics of flor yeasts are described by Cruess 
(1948) and Hohl and Cruess (1939). In the present 
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investigation, yeasts #4 and #5, as described by Hohl 
and Cruess (1939), were used. 

The literature reports very little data on the nutri- 
tion of flor yeasts, although a great deal is to be found 
on the nutritive requirements of Saccharomyces cere- 
visiae, a group of yeasts closely related to flor yeast. 
\. Frasinetti (unpublished data) found that some wines 
are not favorable to film production, but observed that 
the addition of diammonium phosphate, asparagin, or 
yeast autolysate stimulated film formation. Addition 
of a small amount of grape concentrate increased film 
formation, but dextrose, thiamine or riboflavin had 
very little effect. 

Joslyn and Amerine (1941), state that Allen and 
Chafey were unable to find any stimulating effect of 
ammonium phosphate on growth of flor yeast film on 
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Australian wines. 

Fornachon (1953) in Australia has reported that 
flor yeast can utilize other sources of carbon in addition 
to ethyl alcohol. In artificial media, he found that 
glycerol, lactate, glucose, and fructose were satisfactory 
carbon sources, and that acetic, tartaric, malic and 
citric acids were less satisfactory. 











Neilsen (1952), using synthetic media, found that 
yeast extract supplied the necessary compounds for flor 
film growth. Of the specific components of yeast extract, 
she found that riboflavin, p-aminobenzoic acid, choline, 
folic acid, and pyridoxine were not required. Thiamine, 
pantothenic acid, inositol and biotin were utilized, 
although pantothenic acid and biotin were not essen- 
tial. She found that addition of asparagin was advisable. 

Fornachon (1953), found that all Australian wines 
used in his studies contained adequate amounts of the 
mineral constituents required by flor yeast. 


EXPERIMENTAL METHODS 


White dry wines less than two years old which had 
not received any yeast food such as ammonium phos- 
phate or urea were brought to 14.6 per cent alcohol by 
fortification with pure 95 per cent alcohol. This alcohol 
content was chosen because acetification may occur if 
the alcoholic content is much below 14.5 per cent by 
volume, and film growth may be slow if the alcoholic 
content is much above 14.5 per cent by volume. The 
SO. content was adjusted to 125 ppm by addition of 
NaHSO;. This level of SOQ. prevents development. of 


TABLE 1. Typical record of crop increase of flor yeast with time 
and added yeast extract 
Time in Days 
Treatment 

16 30 44 58 71 

mg mg mg mg mg 
Control 115 | 139 | 141 | 151 | 156 
0.5 g veast extract per 100 ml 123 | 365 | 432 | 461 | 484 
1.0 g veast extract per 100 ml 220 | 450 | 642 | 666 | 761 
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TABLE 2. Substances which affect the growth of flor yeast 


: Incu- Yeast Crop Rierease 
Substance Added per 100 ml bation So @ aces 
: Days Control | Treated ie 
mg mg mg 
Yeast extract, 1 g ' : 69 154 761 607 
Yeast extract, 0.5 g 71 156 484 328 
Asparagine, 0.5 g 70 213 553 340 
Asparagine, 0.2 g. 70 219 506 287 
Urea, 0.5 g.. 71 218 518 300 
Urea, 0.2 g. : 71 211 491 280 
Glutamic acid, 0.5 g 2 215 509 294 
Glycine, 0.5 g. 70 205 467 262 
Peptone, 0.5 g... 67 202 459 257 
(NH,4)2HPOs,, 0.5 g 62 231 480 249 
NH,H2PO,, 0.5 g 74 249 375 126 
Aspartic acid, 0.5 g.. 72 215 454 239 
(NH,).SO,, 0.5 g : ; 70 156 269 113 
Urea, 0.5 g, plus 0.5 g aspara- 
gine. . fee 72 165 516 351 
(NH,)2SO,4, 0.25 g, plus 0.5 g 
peptone. . areas Seecosp Oe 148 270 122 
(NH,).SO,, 0.5 g; Peptone, 0.5 
g; Asparagine, 0.5 g; plus 
urea, 0.5 g... 71 152 399 247 
Ascorbie acid, 0.2 g 71 212 116 —96 
Ascorbie acid, 0.1 g 71 214 160 —54 
Beta-alanine, 0.3 g ta 216 130 — 86 
Riboflavin, 0.25 mg. 72 219 176 —43 
NaSO,, 0.5 g. Se ee 62 254 226 —28 
Cysteine hydrochloride, 50mg.| 62 242 218 —28 


TaBLeE 3. Substances not affecting growth of flor yeast 


Adenine 11.9 mg* 
p-aminobenzoic acid... 10 mg 
Biotin . . 7 ug 
Caleium sulfate. ...... 0.5and1.0¢ 
DOXUTOSO. <n sc ews 0.5 ¢g 
Folie acid. . we 175 mg 
Ghyeerel...........06. ; lg 
eo : 5.9 mg 
Inositol. 100 mg 
Invert sugar.... 0.5¢g 
Methionine. . : 50 mg 
p and L phenylalanine 50 mg 
Potassium citrate 0.5 ¢g 
Potassium phosphate, monobasic 0.25 g 
Potassium phosphate, dibasic. 0.5 ¢g 
Potassium sulfate..... 0.5 ¢ 
Sucrose... ; : : 0.5 ¢ 
Thiamine 10 and 50 mg 
Tyrosine 50 mg 
Uracil. 4.9 mg 
Xanthine 7.7 mg 


* Quantities added per 100 ml of medium. 


lactic bacteria and does not noticeably retard flor film 
development. Each lot of wine used was analyzed for 
total acidity and volatile acidity. Some variation in 
crop of yeast in the control wines in different experi- 
ments will be noted in table 2. This variation is very 
probably due to the fact that the same wine was not 
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used in all experiments. However, in any given experi- 
ment the same wine was used for control and for the 
treated sample. 

In some experiments aldehyde was determined, the 
method of Jaulmes and Espezel as modified by Forna- 
chon (1953) being used. 

Four-ounce grape juice bottles were used as con- 
tainers for the cultures. They were plugged with cotton 
and sterilized by dry heat in the usual manner. The 
untreated and the treated wines were pasteurized at 
150 F in crown-capped pint bottles, and after cooling, 
50-ml portions were transferred aseptically to the 
sterile 4-0z bottles. 

All experiments were made in duplicate; two bottles 
contained wine to which the growth factor was added 
and two were untreated checks. The incubation period 
was usually 69 to 72 days in a well-ventilated incubator 
at an average temperature of 22 C. During this period, 
five determinations were made of weight of yeast pro- 
duced in the treated and untreated samples. The entire 
contents of the bottle was used for a determination. 
Thus 20 bottles of wine were used in each experiment, 
10 treated and 10 witnesses. Additional bottles of cul- 
ture were made up for microscopical examination, 
especially for evidence of bacterial contamination. 

Each bottle of wine was inoculated with two loopfuls 
of active film from a pure culture of Sherry yeast * 4 
or *5 (also designated in the University’s collection as 
Jerez Yeasts *4 and #5). They were found to give 
almost identical yields of crop. 

After inoculation and placing in the incubator, the 
bottles were not moved or disturbed in any way until 
weighings of the films were to be made. The film is 
rather fragile and if disturbed is apt to break and sink 
to the bottom of the container. 

The crop of yeast in each bottle was determined by 
filtering the samples on a weighed, thoroughly dried 
Gooch crucible; washing the deposit thoroughly; and 
drying to constant weight zn vacuo at 70 C. 


RESULTS AND DISCUSSION 


Table 1 shows a typical record of the yeast crop in- 
crease with time, and also the effect of added yeast ex- 
tract. Forty-seven experiments were conducted on the 
effect of various substances on the flor yeast growth. 


TaBLe 4. Effect of 0.25 g (NH4)2SO; per 100 ml on changes in 
acetaldehyde, total acidity, volatile acidity, and weight of yeast 





Total Acid 


Weight yoga as Tartaric —— — 

of Yeast 100 ml Grams per 100 ml 

Treatment Grams per 100 ml 
100 ml at 44 = 
Days ~— 
itial Final|Initial | Final |Initial | Final 
mg 
Untreated check... 160 85.3/64.5.0.544,0.468/0.041/0.017 
(NH,)2SO,. 


258 = |85.3'67.0.0.544'0.6850.041/0.016 
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the data in detailed form. Table 2 is a compilation off) The ure 


those substances which had a significant effect 01 the 
growth of the flor yeast, and table 3 shows the in: ctiye 
substances. Table 4 gives the data on the effet of 
added (NH4)2SO, on the composition of the wine at 
the end of the incubation period. 

Potassium phosphate. Wine is well supplied with po. 
tassium in the form of bitartrate but is not very rich iy 
phosphorus; hence, an experiment was conducted to 
ascertain whether additional phosphorus as phosphate 
would stimulate film production. Addition of 0.25 g of 
KKH.PO, or of 0.5 g KeHPO, per 100 ml of wine failed to 
cause a significant increase in weight of the film of 
Jerez yeast #4. 

Ammonium phosphate. In this experiment 0.5 ¢ of 
NH,H2PO, per 100 ml of wine was added to one set of 
cultures of Jerez yeast *4 and none to the check series, 
In a second experiment (NH,4)2HPO, was added. Both 
markedly stimulated film production. 

Evidently, inorganic nitrogen increases the weight of 
film produced very appreciably. The preceding experi- 
ment had showed that phosphate was without effect. 

Peptone. Because NH, stimulated film production so 
definitely, 0.5 g Difco peptone per 100 ml was used. 
The peptone greatly increased film growth. As peptone 
is a good source of amino acids and minerals, it is pos- 
sible that the observed increased rate of growth was not 
entirely due to peptone nitrogen. 

The film on the peptone treated wine became smooth 
toward the end of the incubation period, a condition 
that Fornachon (1953) reports as less desirable than a 
wrinkled film, insofar as production of characteristic 
flor wine flavor and bouquet are concerned. 

Amino acids. Six aliphatic and seven aromatic (ben- 
zene ring) amino acids were compared in respect to 
their effect on growth of flor yeast film. 
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Glycine, aspartic acid, and glutamic acid greatly in- 
creased film production, whereas phenylalanine and 
tyrosine increased it slightly or moderately. For ex- 
ample, at the end of the incubation period of 70 to 72 
days, glycine increased the crop 2.30 times; aspartic 
acid 2.14 times; and glutamic acid, 2.4 times that of 
the check. 

Beta alanine, cysteine, and methionine apparently 
slightly or moderately retarded film production. The 
sulfhydryl group of cysteine may have been responsible 
for its inhibitive effect, but the effect was slight. 

Para aminobenzoic acid moderately retarded film 
growth, possibly because of the benzoic acid portion of 
this compound. 

Urea. In the production of table wines, urea is occa- 
sionally added to new California wines or juice in which 
the fermentation has become sluggish. 

Two amounts of urea were compared, 0.5 g and 0.20 
g per 100 ml. The use of 0.20 g of urea was almost : 
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additive used in our experiments. Probably its effect is 
not due entirely to its value as a source of nitrogen; it 
is likely that other compounds are also concerned. 

Ammonium sulfate plus peptone. In this experiment 
0.25 g of (NH4)SO, and 0.5 g of peptone were added to- 
gether per 100 ml of wine. This combination nearly 
doubled the crop yet was not as effective as 0.5 g pep- 
tone alone or urea plus asparagine. 

Urea plus asparagine. Urea 0.5 g and asparagine 0.5 
g per 100 ml were compared in this case. The crop was 
more than trebled by this combination. 

Ammonium sulfate, peptone, asparagine and urea. In 
this experiment 0.5 g per 100 mg was added of each of 
these substances. The crop was increased about 2.6 
times. While this result proves that this combination 
is a good source of nitrogen for flor yeast it was not 
quite as effective as urea and asparagine in combina- 
tion. 

Ascorbic acid. Ascorbic acid was added at two levels, 
0.1 and 0.2 g per 100 ml. Growth of the film of Jerez 
yeast #4 was markedly inhibited at 0.1 g of ascorbic 
acid per 100 ml and even more at 0.2 g. 

It is probable that the strong reducing property of 
ascorbic acid accounts for its inhibitive effect on flor 
film growth since the latter is strongly oxidative. During 
the experiment the added ascorbic acid rapidly de- 
creased in amount; in one case 84 per cent of that added 
had disappeared by the 16th day of incubation. Evi- 
¢ dently the flor film oxidized it, as it does other organic 
acids such as acetic and tartaric. 

Thiamine hydrochloride. Thiamine, vitamin B,, was 
added as the hydrochloride at 10 mg per 100 ml of wine 
in one experiment and 50 mg in the second. In both 
cases it was practically without effect on growth of flor 
film. 

Riboflavin. Riboflavin added in the very moderate 
amount of 0.25 mg per 100 ml of wine definitely re- 
tarded growth of the flor film of Jerez yeast *5. The 
film on the treated wine was yellowish-brown in color 
and of unhealthy appearance generally. It dropped to 
the bottom of the culture at 50 days incubation, whereas 
the control film was still normal in appearance and 
remained on the surface. 

Like all other experiments this one was made in 
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duplicate and the values given in the table are averages 
for duplicate cultures. Why riboflavin should inhibit 
film production is difficult to explain. 

Inositol. Although others have shown that inositol is 
required by most yeasts, evidently the wines used in 
our experiments contained an adequate amount for 
flor film growth. The addition of 10 and 100 mg of 
inositol per 100 ml. did not affect film production 
appreciably. 

Biotin. Peterson and associates (1944) have found that 
biotin in even minute amounts stimulates the growth of 
cells of the fermentative stage of Saccharomyces cere- 
visiae. However, addition of an amount that they had 
found definitely stimulating to S. cerevisiae, namely, 
7 wg per 100 ml, failed to affect the growth of flor film 
by Jerez yeast * 5. 

Folic acid. Although it is of powerful biochemical 
effect in blood regeneration, folic acid appeared to 
exert little or no positive effect on flor yeast film growth. 
At the end of 72 days incubation the untreated culture 
had produced 216 mg of yeast and the treated 222 mg. 

Nucleic acid derivatives. The literature contains some 
intimation that derivatives of nucleic acids stimulate 
the activity of certain strains of yeast (Joslyn, 1951; 
Mitchell and Williams, 1940). However, in our experi- 
ments, xanthine, guanine, uracil, and adenine appeared 
to have no or very little stimulative effect on flor film 
growth. All are only slightly soluble in water or wine, a 
fact that may have accounted in part for the observed 
rather negative results. 

Gypsum or CaSO,. In Spain, gypsum is added to the 
fresh must (grape juice) to reduce the pH value by the 
reaction: 


CaSO; — 2KH(C4H4O¢) = Ca(C4H.O¢) + KKoSO, a 
H2(C4H4O¢) 


The lowering of the pH tends to hold lactic acid bac- 
teria in check and improves the taste. Also, the calcium 
sulfate appears to aid in clearing of the wine and im- 
parts a slight bitterness. When added to wine, however, 
it reduces the pH value only slightly because much of 
the cream of tartar [KH(C,H,O,)| crystallizes out of 
the wine during and after fermentation. 

In the experiments, CaSO, was added to the wine at 
0.5 and at 1.0 g per 100 ml. Because of the voluminous 
sediment of CaSO, and Ca(C4H,O¢) it was not possible 
to obtain accurate determinations of weight of the film 
yeast. However, the films on the treated and untreated 
wines were very much alike in appearance and in ap- 
parent amount of film growth. It was evident, at least, 
that the CaSO, did not visibly diminish film production. 

Other substances. Sucrose, dextrose, and invert sugar 
added at the rate of 0.5 g per 100 ml did not affect film 
production; the rates and amounts of yeast produced 
being approximately equal in the untreated and the 
treated wines. 
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The addition of 0.5 g K.SO, did not alter film pro- 
duction; but 0.5 g of NasSQ, inhibited it slightly, due 
perhaps to the inhibitive effect of the sodium ion. 

Ferrous ammonium sulfate practically prevented 
film formation. 

Glycerol, | g per 100 ml, had almost no effect on the 
rate of film formation and on weight of yeast produced 
per 100 ml. 

Effect of (NH4)2SO, on composition. In this experi- 
ment, 0.25 g of (NH4)2SO, per 100 ml of wine was added 
and the wines were analyzed at intervals during 44 days 
incubation. Jerez yeast * 4 was used. At the end of the 
incubation period and initially the aldehyde, total acid, 
volatile acid, and weight of yeast were found to be as 
given in table 4. 

While the (NH,)2SO, greatly increased film produc- 
tion this increase did not materially affect the amount 
of aldehyde and volatile acid remaining after incuba- 
tion. There was a marked decrease in volatile acid in 
both the treated and untreated and, unexpectedly, a 
slight decrease in aldehyde in both. The wine used was 
of rather high initial aldehyde content. The flor film has 
been reported to increase aldehyde content under cer- 
tain conditions (Cruess, 1948, and Fornachon, 1953). 
In small cultures the condition is strongly oxidative and 
probably accounts for the decrease in aldehyde in this 
experiment. 

The total acidity increased in the (NH,4).SO, treated 
wine, because as the NH, was utilized by the yeast 
H.SO,; or KHSO, was formed. In the untreated wine 
total acidity decreased somewhat due to oxidation by 
the flor film. 

Effect of flor film on aldehyde, volatile acid and ester 
content. In another investigation (Cruess 1948), it was 
found that in most experiments the flor film caused 
considerable increase in aldehyde content of the inocu- 
lated wine. For example, in a wine of an initial aldehyde 
content of 11 ppm, it increased to 41.5 ppm with Jerez 
yeast H-1 and to 153 ppm with Jerez yeast * 5. Several 
gallons of wine were used in each case. In very small 
cultures such as were used in the present investigation, 
only slight increase was observed; or a decrease may 
occur if the initial aldehyde content is appreciable. 

Ester content increased slightly, in experiments re- 
ported by Cruess (1948), attaining a range of 18.5 to 
28.2 ppm. No data were obtained on the effect of the 
film on amyl alcohol content. 

Volatile acid (acetic chiefly) of the wine is rapidly 
oxidized by the flor yeast film. In one experiment re- 
ported by Cruess (1948) with eight flor film yeasts, the 
initial volatile acid content of 0.191 g per 100 ml of the 
wine was reduced to 0.009 to 0.03 g per 100 ml in 6 
weeks at room temperature. Similar results were ob- 
tained in winery scale experiments. 
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SUMMARY 

The increase in weight of flor sherry yeast forme | oy 
the surface of 50-ml aliquots of wine containing 2: ded 
growth-promoting agents and/or nutrients in con par- 
ison with that of the same yeast grown on the untre ited 
Wine was determined. 

Substances that exerted a positive effect we: 
order of decreasing effect as follows: yeast extract 
paragine, urea, glutamic acid, glycine, peptone. 
(NH4)sHPOsg, aspartie acid, NHyH2PO, and (NH,).80,, 
Substances that appeared to have little or no effect 
were: KH PO,, thiamine, K.SO,, inositol, biotin, p- 
aminobenzoic acid, folic acid, xanthine, guanine, uracil, 
adenine, potassium citrate, CaSO,, K:HPO,, invert 
sugar, dextrose, sucrose, d and / phenylalanine, tyrosine 
and glycerol. ' 

Those that exerted a noticeable inhibitory effect 
were ferrous ammonium sulfate, ascorbic acid, beta 
alanine, riboflavin, NasSOy, and cysteine. 

Although yeast extract caused the greatest increase 
in flor yeast crop, its use would not be advisable in com- 
mercial practice because of its marked flavor. Probably 
urea or ammonium phosphate, however, would be prac- 
ticable for this purpose, since they are inexpensive, do 
not affect the flavor of the wine, and proved to be ex- 
cellent sources of nitrogen for flor yeast. 
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Emphasis has recently been directed upon the clinical 


importance of “cold growing” (psychrophilic) as well as 
(mesophilic) bacteria as a source of 
contamination in banked blood (Stevens et al., 1953: 
Pittman, 1953; Wetterlow et al, 1954). These authors 
stressed that certain psychrophilic organisms are killed 
at an incubation temperature of 37 C and that it is 
therefore important in bacteriological studies on stored 


“warm growing” 


blood that a temperature range be selected to insure 
detection of such organisms. The present authors are 
not aware of any published results of the use of the 
newly recommended temperature conditions for routine 
sterility tests carried on in the course of a normal blood 
bank operation. 

This report is a brief summary of the results of bac- 
teriological studies on 213 unselected outdated bloods; 
the techniques for culturing were designed to detect 
both mesophilic and psychrophilic organisms. Similar 
studies on the residual contents in 155 blood bottles 
returned from the hospital wards following transfusion 
are included. 


MATERIALS AND METHODS 


Transfusion equipment. Bottles for gravity bleeding 
and containing 75 ml of acid-citrate-dextrose anticoag- 
ulant solution (NIH Sol. A)! were obtained from com- 
mercial sources, as were disposable plastic donor sets 
With attached 15-gauge 
ient 


needles and disposable recip- 
sets. Representative samples from each lot pur- 
chased were checked for sterility and nonpyrogenicity 
hefore use and found to be satisfactory. 

Blood collection. A uniform technique was employed 
in preparing the donor’s skin at the site for phlebotomy. 
A circular area of skin not less than 3 inches in diameter 
was scrubbed vigorously for 30 to 45 seconds with a 
sterile 2 x 2” gauze sponge soaked in sterile soft soap 
solution (20 per cent). The soap was removed with 
sterile 70 per cent alcohol. Two per cent aqueous iodine 
was applied and allowed to dry for 30- to 60 seconds. 
Immediately after application of the iodine, sterile 2 per 
cent novocaine solution was injected intracutaneously 
at the site for phlebotomy. Immediately prior to phle- 

‘As described in the Minimum Requirements: Citrated 
Whole Blood (Human), National Institutes of Health, dated 
March 15, 1955. 


botomy the iodine was removed with sterile 70 per cent 
alcohol. 

During the first part of this study, the preparation of 
the blood bottle stopper was as follows: after removal of 
the tear-off retaining ring and underlying dustcap, the 
exposed surface of the rubber stopper was painted with 
2 per cent aqueous iodine, which was allowed to dry 
prior to insertion of the 15-gauge donor set needle and 
the 15-gauge airway needle with cotton filter. However, 
after information was obtained from the manufacturers 
which indicated that the stopper surface was sterile 
prior to removal of the dust cap, the application of 
iodine was discontinued. 

During collection of 500 ml of blood by gravity, the 
contents were gently swirled several times to insure 
mixing. On completion of bleeding, the donor tubing 
was Clamped within 0.5 inches of the hub of the bottle 
needle, which was then removed. The air vent needle 
was removed. The exposed surface of the stopper was 
wiped clean with 0.1 per cent benzalkonium chloride 
solution. The bottle was then gently inverted 5 or 6 
times and placed in the blood storage refrigerator. 
Within 6 to 24 hours, a clean dust cap was placed over 
the stopper and secured by a tamper-proof seal. Bloods 
were stored at 4-6 C in refrigerators equipped with air- 
circulating fans and continuous temperature recording 
devices which were checked daily by visual reading of a 
mercury thermometer. Blood was considered to have 
outdated after the elapse of 21 days from the date of 
drawing.! 

Bacteriological studies. The technique for culturing 
outdated bloods was as follows: the contents of the 
bottle were thoroughly mixed by repeated inversion, 
the clean dust cap was removed, and the stopper was 
painted with 2 per cent aqueous iodine. After 30-60 
seconds the iodine was removed with sterile 70 per cent 
alcohol which was then burned off in a Bunsen flame. 
With a sterile needle and syringe, 5 ml of the blood was 
removed and planted into 5 tubes of fluid thioglycollate 
medium? (1 ml of blood per tube of 15 ml of thioglycol- 
late medium). Three of the inoculated tubes were incu- 
bated at 32 C and the remainder at room temperature 

2 Fluid thioglycollate medium is formula indicated in 
National Institutes of Health Memorandum: Culture Media 
for the Sterility Test, dated August 11, 1954. 
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(22 to 25 C). These temperatures have proved satisfac- 
tory in the recovery of mesophilic and psychrophilic 
contaminants in stored blood (Pittman, 1953). After a 
period of 48 to 72 hours incubation, the cultures were 
shaken and subcultured, that is, 0.05- to 0.1-ml amounts 
of inoculum per 15-ml tube thioglycollate medium. The 
parent cultures were reincubated for an additional 7 
days. The subcultures were incubated at temperatures 
corresponding to their parent cultures for 7 days. When 
bacteria were recovered, smears were made and exam- 
ined for morphology and gram staining reactions. 

These studies were subdivided into three groups: 

Series 1. Outdated bloods cultured directly from storage 
at 4 to 6 C. A group of 111 bottles was handled with 
particular emphasis on detecting cold-growing organ- 
isms. The bloods were cultured immediately upon re- 
moval from the 4 to 6 C storage refrigerator. 

Series 2. Outdated bloods incubated 48 to 72 hours at 
32 C. A group of 102 outdated bloods, after gentle mix- 
ing, was placed at 32 C to promote growth of any meso- 
philic organisms whose multiplication had been pre- 
vented at 4 to 6 C and which might not have been 
present in sufficient numbers to be detected in a 5-ml 
sample. Culturing was done after 48 to 72 hours incu- 
bation. 

Series 3. Bottles returned to the blood bank after com- 
pletion of transfusion. A group of 155 bottles was studied 
after their return to the blood bank following use in the 
operating rooms or on the hospital wards. The bottles in 
this series had been subjected to a variety of conditions: 
room temperature for 1 to 6 hours during the trans- 
fusion and an additional period of 0 to 18 hours of 
storage at room temperature or refrigerator temperature 
(2 to 8 C) prior to being cultured. 

The administration of transfusions is performed by 
ward physicians with the following recommendations 
for technique. The clean dust cap is removed, the ex- 
posed surface of the stopper wiped with 70 per cent 
alcohol, and the spike tip of the disposable recipient set 
immediately inserted through the site marked “‘outlet.”’ 
The recipient set tubing is clamped off, the bottle hung 
inverted on the transfusion stand, and a plain sterile 18- 
to 20-gauge hypodermic needle inserted at the site 
marked “air.’’ The tubing is then unclamped, and al- 
lowed to fill with .blood, prior to the transfusion. Al- 
though the majority of transfusions are administered 
according to these directions, considerable variation in 
technique undoubtedly occurs since strict control of 
these measures is not attempted by the blood bank 
staff. The majority of the bottles were returned to the 
bank with the recipient set and airway needles removed; 
however, not infrequently, these were still in place. 
Soiling of the surface of the stopper with small amounts 
of blood which had oozed out at the site of insertion of 
the recipient set was frequently observed. 

The exposed surface of the rubber stopper in each 
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bottle was rinsed with 95 per cent ethyl alcoho! and 
flamed with a Bunsen burner. Five ml of 0.85 per cen; 
sterile saline was aseptically added with a sterile 1 edle 
and syringe and the bottle shaken so that all inner sur. 
faces of the bottle and stopper were thoroughly rised 
with the diluent. Five ml of the rinse was then planted 
into 5 thioglycollate tubes and the technique there:fter 
was exactly as described above. 


RESULTS 
The results of the studies on outdated bloods are 
summarized in table 1. Growth indicating contamina- 


TaBLE 1. Routine culturing of 213 unselected outdated 
banked bloods 


Growth 
at 22-25 
Cc 


Age in No. of 


Growth 
Days Bottles 5 


Outdated Bloods Cultured from: at 32C | 


Series 1: 
Storage at 4to6C.. ..| 22-26 lll | O () 
Series 2: 
48 to 72 hr incubation at 32 C 


102 0 () 
tion was not obtained from any of the 213 banked 
bloods examined. In three instances in the second series, 
1 out of 5 tubes cultured showed growth considered to 
be contamination picked up during sterility testing. 

Table 2 summarizes the results of studies on the 
residual contents in 155 blood bottles returned to the 
blood bank following transfusion. Evidence for contam. 


TABLE 2. Routine culturing of the residual contents in blood 
bottles after transfusion 


Results of Sterility Tests No. of Bottles 
No growth at: 

ae Ed, (i ne 149 
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ination was found in six bottles (4 per cent). The organ- 
isms were all gram positive and from their morphologi- 
cal characteristics resembled staphylococci (2), strepto- 
cocci (1), diphtheroids (1), sareina (1), and mixed 
staphylococci and bacilli (1). These organisms are 
typical of air contaminants and probably were intro- 
duced at the time of transfusion. They are in contrast to 
the psychrophilic gram negative bacilli reported in the 
literature (Stevens et al., 1953; Pittman, 1953) as having 
multiplied in banked blood during storage at 4 to 6 C 
and as having been responsible for severe reactions in 
recipients. 

Among the six bottles from which organisms were 
recovered there was no apparent correlation between 
the presence of contamination and the age of the stored 
bloods. 
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DISCUSSION 

The 368 bottles of blood which form the basis of this 

report were selected from among approximately 1000 
} units of blood processed by the blood bank during the 
time covered by the study. 

No signs of transfusion reaction were observed in any 
of the recipients of the blood described in table 2 with 
the exception of a febrile episode occurring 12 hours 
after transfusion in one patient with chronic lympho- 
cytic leukemia. This patient, who received one of the 
149 bloods which showed no growth on culture, regu- 
larly develops delayed febrile reactions to transfusion, 
for which no specific cause is evident. 

The number of bottles tested in the present study is 
too small to give a reliable indication of the incidence of 
contamination which can be expected in blood drawn 
and processed as described under Materials and Meth- 
ods. It is reassuring that no organisms were recovered 
from any of the 213 outdated bottles tested. In Braude’s 
(1952) much larger series of 1,697 bloods examined, the 
incidence of contamination was 2.5 per cent. However, 
it is impossible to compare that author’s results with 
those of the present study because a) cultures were 
incubated at 37 C and b) the blood was cultured after 
only 24 hours of storage (possibly too early to reflect 
the maximum bactericidal activity of the fresh blood, 
and also too early to permit significant multiplication of 
any psychrophilic organisms which might have been 
present in small numbers). 

It might be expected that during transfusion organ- 
isms would gain access to the interior of the bottle via 
the airvent needle (which is not equipped with a cotton 
filter) and at the site of penetration of the stopper by 
the recipient set. It is interesting that detectable con- 
tamination of the bottle contents by these means, under 
the conditions prevailing on the wards of this hospital, 











occurred infrequently as shown in table 2. 

The availability of commercially produced sterile 
disposable blood bottles and bleeding equipment, such 
as were used during the course of these investigations, 


IN BANKED BLOOD 


provides blood banks with an added safeguard against 
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contamination of their stored blood. With the increasing 
use of banked blood in modern medical practice it is to 
be expected that there will be continued efforts toward 
improvements in bleeding equipment and technique of 
phlebotomy directed towards insuring the sterility of 
the blood. The efficacy of these measures can be assessed 
only by the results of carefully conducted routine bac- 
teriological studies. The authors wish to re-emphasize 
the importance of conducting such studies at incubation 
temperatures which will insure the detection of both 
psychrophilic and mesophilic organisms. 
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SUMMARY 


1) Routine sterility tests designed to detect both 
psychrophilic and mesophilic bacteria have been per- 
formed on 213 unselected outdated bloods. No organ- 
isms were recovered. 2) Similar studies on the residual 
contents in 155 bottles returned from the hospital wards 
after transfusion revealed an incidence of contamination 
of 4 per cent. 3) The importance of performing the 
sterility tests at proper incubation temperatures was 
re-emphasized. 
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Within recent years, many laboratories have paid 
increased attention to some of the hazards involved in 
common bacteriological techniques. The development 
of biological safety has followed three avenues; surveys 
to determine the number of laboratory workers who 
become infected with disease agents, quantitative bio- 
logical assessment of the hazards of individual tech- 
niques, and the development of alternative procedures 
and special equipment to cope with the discovered 
hazards. The ventilated safety cabinet or hood (We- 
dum, 1953) is probably the most versatile and useful 
piece of bacteriological safety equipment. Although 
many such cabinets have been designed and some are 
available commercially, they are relatively expensive 
when compared to other bacteriological equipment. For 
this reason an inexpensive plastic model has been 
developed which is suitable for many operations when 
the nature and extent of the research does not justify 
more permanent equipment. 

The hood, shown in figure 1, is made of flexible 
vinylite sheeting 0.020 inches thick' and is supported by 
a frame of wood rods approximately ®g inch in diame- 
ter joined at the corners with wooden blocks with holes 
drilled for the rods. The plastic sheeting can be sealed 
by means of inexpensive resistance heat sealers? or 
electronic high-frequency heat sealers. The latter heat 
sealing method is recommended. The outside dimen- 
sions of the hood are 23” x 23” x 37”. Metal sewing 
hoops of the dime-store variety are used to join arm- 
length gloves to the tubular extensions attached to the 
front of the hood. In this manner gloves developing 
leaks may be removed and replaced. Gloves shown in 
figure 1 are surgeon’s gloves bonded to a heavier latex 
sleeve® but any other arm-length glove may be em- 
ployed, providing the proper diameter opening on the 
hood is used. For less hazardous work the hood may be 
used safely without gloves if the ventilation is increased 
to provide an inward flow of approximately 50 linear 
feet per minute through the glove openings. 

The components of the hood are evident in figure 1. 
Windows of 


clear optical quality flexible vinylite 


sheeting are located on the front and top. An adjustable 


! Bakelite Division, Union Carbide and Carbon Corp., 
New York, N. Y. 

2 Super-Sealer, Model S-1, 
Scientific Co., St. Louis, Mo. 

3 Wilson Rubber Co., Canton, Ohio. 


115V, A.C., 150 Watt, Aloe 


fluorescent lamp is placed directly over the top witdoy 
to provide light. An air lock using an air-tight all plastic 
zipper’ as a closing device is located at one end oi the 
hood for the entrance and exit of materials. Services 
such as electricity, vacuum, and compressed air may be 
brought into the hood via short plastic tubes attached 
to the sides. When not in use these tubes may be filled 
with cotton or plugged with rubber stoppers. 
Ventilation in the hood is provided by attaching small 
bacterial filters (for example, by filling several lengths of 
2- or 3-inch diameter glass or metal tubing with spun 
glass or cotton) to one of the openings at each end. One 
filter serves as the air inlet and the other is attached toa 





Fic. 1. Plastic safety hood 


vacuum supply which is adjusted to provide a reduced 
pressure in the hood of approximately 14 to '% inches 
of water. This is suitable only when the hood is used 
with gloves attached. When used without gloves, larger 
filters and an outlet opening several inches in diameter 
in combination with an exhaust blower capable of 
removing approximately 27 cu ft of air per minute from 
the hood will be required. 

The hood described above,® without gloves, can be 
fabricated commercially for about $25.00.° A limitation 
in its use is that open flames or other high temperature 
heaters cannot be used because of the low melting point 
of the vinyl material. 

The apparent advantages are as follows: 1) The 


‘ Flexi-Sales, Inc., New York, N. Y. 

®> The design described herein is modified from a_ plastic 
hood used at Lobund Institute, University of Notre Dame. 

® Snyder Mfg. Co., Inc., New Philadelphia, Ohio. 
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entire unit can be easily dismantled, folded up and 
stored in a drawer when not in use. 2) The hood can be 
moved from laboratory to laboratory by one person. 3) 
It is easily decontaminated with formaldehyde vapors 
or many types of liquid disinfectants. If a large size gas 
sterilization chamber is available the entire unit can be 
placed in it for sterilization. 4) The cost is low. The 
actual cost of the materials (labor not included) is 
approximately $10.00. 


SUMMARY 


An inexpensive, collapsible plastic safety hood has 
heen designed and constructed for enclosing certain 
hazardous operations with infectious microorganisms. 
It can also be used for operations with certain dangerous 
or toxic chemicals. Ventilation can be provided by 


attaching suitable inlet and outlet filters and the hood 
may be operated at a slight reduced pressure to prevent 
the outward escape of air-borne particles. An air lock is 
provided for the entrance and exit of materials. The 
design shown is for use by one technician who works 
through attached rubber gloves. Larger designs to 
accommodate several workers and different shapes to 
conform to certain enclosed equipment are possible. 
Fabrication of the units can be done cheaply by most 
fabricators of plastic products for around $25.00 per 
unit. The authors will supply further information and 
design drawings on request. 


REFERENCE 


Weprim, A. G. 1953 Bacteriological safety. Am. J. Pub. 


Health, 43, 1428-1437. 


A Selenite Brilliant Green Medium for the 


Isolation of Salmonella 


J. L. Stokes AND W. W. OSBORNE 


Western Utilization Research Branch, Agricultural Research Service, United States Department of Agriculture, Albany, California 


Received for publication February 1, 1955 


Selenite F broth is widely used as an enrichment 
medium for the isolation of Salmonella. Although the 
broth supports good growth of these organisms and 
inhibits the development of a variety of accompanying 
bacteria, it has a number of deficiencies (Leifson, 1936). 
Important among these are the lack of inhibition of 
Proteus strains and the delay of growth of Escherichia 
strains for only a few hours. Both of these groups of 
bacteria are commonly found in association with Sal- 
monella and are a major source of difficulty in the isola- 
tion and identification of Salmonella. Moreover many 
Escherichia strains excrete antibiotic substances which 
suppress the growth of Salmonella (Levine and Tani- 
moto, 1954) and the latter may be eliminated, therefore, 
in mixed cultures containing the two organisms. 

In the present paper a new selenite brilliant green 
medium is described in which Escherichia and Proteus 
will not develop and in which luxuriant growth of Sal- 
monella occurs even when the inoculum consists of only 
one cell per ml of medium. 


MATERIALS AND METHODS 


A large number of modifications of selenite broth were 
ested and the medium which proved to be best had the 
lollowing composition : 


Per cent 

Peptone! feet 0.5 

Yeast extract! ee 0.5 
Mannitol. 0.5 

Sodium selenite 5 me 0.4 

Sodium taurocholate! . 0.1 

Brilliant green! Sate ora 0.0005 
Phosphate buffer, pH 7.0 ee 0.025 molar 


Distilled water 


In the preparation of this medium, the first five in- 
gredients were dissolved in somewhat less than the re- 
quired amount of water and adjusted to pH 7.0 by the 
addition of a few drops of 5n HCl. The phosphate buffer 
and brilliant green were then added and the volume of 
the medium was adjusted to the required level with 
water. 

The phosphate buffer was prepared by mixing appro- 
priate quantities of 0.25m solutions of KH»PO, and 
KX»HPO, to give a solution of pH 7.0 and this was added 
to the medium in a ratio of one part of buffer to 10 parts 
of medium. 

The brilliant green had a dye content of 93 per cent. 

1 These are Difco products. Mention of these products does 
not imply that they are endorsed or recommended by the 
Department of Agriculture over others of a similar nature not 
mentioned. 





pension was diluted with water to give approximately 
the required number of cells per ml, and the actual 
number of cells present was determined by plating. In 
order to simulate natural conditions where there are 
usually only a few Salmonella cells mixed with a larger 
number of other microorganisms, the inocula were 
adjusted so that approximately only one Salmonella 
cell and 100 cells of other bacteria were inoculated per 
ml of medium. One ml of inoculum was added to 9 ml of 
medium. 

The cultures were incubated for about 18 hours at 
35 C and then plated with trypticase soy agar to deter- 
mine the fate of the inoculated cells. The tendency of 
the Proteus strains to swarm over the agar surface was 
effectively controlled by layering the poured and solidi- 
fied plate with a small amount of the agar medium. 

Additional details of methodology will be given at 
appropriate places in the text. 


RESULTS 


Some of the advantages and deficiencies of selenite 
F medium are illustrated by the data in table 1. The 
broth yields millions of salmonellae from inocula of 1 or 
2 cells per ml. Salmonella pullorum, in contrast to the 
other strains, grows poorly but sufficiently to give rise to 


numerous colonies when streaked on solid media. 


TABLE 1. Growth of Salmonella and other bacteria in Selenite-F 
medium (BBL) 





Organism Inoculum Growth 


Cells per ml Cells per ml 


Salmonella oranienburg  200E 2 65,000 , 000 
Salmonella typhimurium TM-1 2 36,000,000 
Salmonella anatis 5343 l 47,000,000 
Salmonella pullorum 3083 I 88,000 
Proteus vulgaris P100 95 109 ,000 , 000 
Proteus mirabilis P112 102 20,000,000 
Proteus rettgeri P113 59 23,000 , 000 
Escherichia coli 451B 292 3,500,000 
Aerobacter cloacae 3,400,000 


460 38 


11955 


a 
: 
a 
a 
. 
a 
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One ml of a 0.1 per cent aqueous solution of the dye was TABLE 2. Growth of Salmonella and other bacteria in s-lenj, 
added to each 200 ml of medium. Since the dye solutions brilliant green medium 
lost considerable color on standing overnight in the Organism Inoculum Grow 
laboratory, a fresh solution was prepared on each day 
. ; Cells per ml Cells per ml 
that a new batch of medium was to be made. , eae ee 
athe ; - ¢ Salmonella oranienburg 200K 1 310,000 , 000 
The medium was tubed in 9-ml amounts and heated : iia pi -s 
‘ k ae ; . Salmonella typhimurium TM-1 1 170,000 , 000 
in flowing steam for 30 minutes prior to use. Saluamelin amatie 5343 2 | 490,000,000 
The suspensions of Salmonella and other bacteria Salmonella pullorum 3083 1 88 , 000 
were prepared by growing the organisms on trypticase Proteus vulgaris P100 116 0 
° = Yom >» De i, ‘lis 11° 9 
soy agar plates for one day at 35 C. The cells were ine us mirabilis i. r 30 
a? é ‘ Erase roteus rettgeri ¢ { () 
washed from the plates with sterile distilled water, . le : 
i : , ind Proteus morganii B540 111 1,800 
filtered through gauze, and stored in flasks in the refrig- ihecieitn walt 451B 131 0 
erator. The flasks contained glass beads to help disperse Escherichia coli 456 192 20 
the cells. The numbers of viable cells in the suspensions Aerobacter cloacae 460 81 | 131,000 
. » 2. . . vireo nee > finer re 7 9 | 
remained fairly constant during storage for one to two Streptoc re faecalis 9790 121 0 
‘ ; ‘ : Alcaligenes faecalis B170 163 () 
months. For use as inoculum, a portion of the cell sus- : : so sie 
Pseudomonas aeruginosa 9627 85 - () 


y 


Strains of Proteus, Escherichia, and Aerobacter, how- 
ever, also multiply readily in selenite F broth and give 
rise to millions of cells per ml of medium within 18 
hours. 

The selenite brilliant green medium also supports 
luxuriant growth of Salmonella from very small inocula 
(table 2). But in marked contrast to selenite F medium, 
the modified broth inhibits the development of strains of 
Proteus and Escherichia; only a few cells of the inocula 
can be recovered after incubation. The only exception is 
the strain of Proteus morganii which made slight but 
virtually insignificant growth. The inhibition of Aero- 
bacter cloacae, although greater than that obtained in 
selenite F broth, is incomplete. The multiplication of 
Streptococcus faecalis, Alcaligenes faecalis, and Pseudo- 
monas aeruginosa is completely repressed. 

The ability of additional strains of bacteria to grow 
in the selenite brilliant green medium was tested by a 
simplified technique. The bacteria were grown for one 
day in broth. The Salmonella strains were diluted a 
thousand fold prior to inoculation by needle into the 
selenite medium, whereas the other strains were not 
diluted. All of the Salmonella strains grew abundantly 
in the selenite brilliant green medium. These included 
five strains of S. pullorum, four strains of S. senftenberg, 
two strains each of S. meleagridis and S. anatis, and one 
strain each of S. paratyphi B and S. newport. None of 
six strains of F. coli grew and the same was true of three 
strains of P. vulgaris, two strains of P. morganii, oue 
strain of Pseudomonas fluorescens and also one strain 
sach of the aerobic spore formers, Bacillus brevis, B. 
cereus, B. mesentericus, and B. macerans. In contrast, 
three of four strains of Aerobacter aerogenes grew. 

The degree of inhibition of strains of Proteus and 
Escherichia in the selenite brilliant green broth is strik- 
ingly illustrated by the data in table 3 on the effect of 
size of inoculum on growth. An eight-fold increase in the 
number of cells of S. oranienburg inoculated did not 
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TaBLE 3. Effect of size of inoculum on growth in selenite 
brilliant green medium 


Organism Inoculum Growth 


Cells per ml Cells per ml 


Salmonella oranienburg 200E 1 | 590,000,000 
8 | 510,000,000 

Salmonella pullorum 3083 1 230,000 
36 | 36,000,000 

Proteus vulgaris P100 11,000 120 
1,100,000 19,400 

Escherichia coli 151B 14,300 270 
3,600 


1,400,000 | 


alter significantly the size of the final cell population 
but a 36-fold increase of S. pullorum raised the final 
population from 230,000 to 36,000,000 cells per ml. The 
most important aspect of the data in table 3, however, 
is the complete repression of the multiplication of P. 
rulgaris and EF. coli even when large inocula of more than 
a million cells per ml of medium are used. The inocu- 
lated cells rapidly die in the unfavorable medium. 

The inhibitory properties of the new medium are the 
sum of the activities of the selenite, brilliant green, and 
taurocholate contained in it. The effects of these three 
substances on growth, singly and in combination, are 
illustrated by the data in table 4. When none of these 
substances is in the medium, very large populations of 
S. oranienburg, P. vulgaris and E. coli are obtained. 
With all three organisms, the addition of selenite alone 
greatly reduces growth, brilliant green completely 
inhibits development, and taurocholate has little or no 
effect. 

When both selenite and brilliant green are used, all 
growth is suppressed as is the case with brilliant green 
alone. With selenite plus taurocholate, less inhibition of 
S. oranienburg and F. coli and more inhibition of P. 
vulgaris occur than with selenite alone. But the most 
striking and useful results are obtained when brilliant 
green is used in combination with taurocholate. The 
latter eliminates the toxicity of the brilliant green for S. 
oranienburg but not for the other two organisms. The 
greater selectivity of the new medium over selenite F 
broth is due, therefore, primarily although not entirely, 
to its content of a balanced mixture of brilliant green 
and taurocholate. The further addition of selenite does 
not alter the selectivity of the medium, but decreases 
the. Salmonella population. The reasons for retaining 
selenite in the modified medium will be discussed later. 

The modified medium also differs from selenite F 
broth in that it contains mannitol in place of lactose. 
The reason for the use of lactose in selenite F broth was 
clearly stated by Leifson (1936): 

“The lactose in the medium serves to maintain a 
uniform pH. When selenite is reduced by the growth of 
bacteria, alkali is produced and such increase in pH 
would lessen the toxicity of the selenite and result in 
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TaBLeE 4. Effect of selenite, brilliant green and taurocholate 
on growth 





Escherichia 
coli 


_ Salmonella 


f Proteus 
oranienburg 


* 
Addendum vulgaris 








Cells per ml | Cells per ml Cells per ml 


None 1,800,000 , 000/400 , 000, 000|1 , 700, 000 , 000 
Sodium selenite, 0.4% 22,000,000)100, 000,000 390,000 
Brilliant green, 0) 0 0 


0.0005% 

Sodium taurocholate,|1, 100,000,000) 400 , 000 ,000/1, 100,000 ,000 
0.1% | 

Selenite + brilliant 0 0 0 
green 600 , 000 , 000 

Selenite + taurocho- 26 ,000 , 000 
late 1,400,000 ,000 

Brilliant green + 0 0 
taurocholate 180,000,000 

Selenite + brilliant 0 0 
green + taurocho- 
late 


930 , 000 


*The basal medium contained peptone, yeast extract, 
mannitol and phosphate buffer. 


overgrowth of extraneous bacteria. The acid produced 
by fermentation of the lactose by enterococci and to a 
lesser extent by colon bacilli serves to maintain a neu- 
tral or slightly decreased pH.” 

Because lactose cannot be utilized by strains of Sal- 
monella, it favors unduly the growth of the competing 
bacteria. Theoretically it would be best to use a sugar 
which is fermented only by Salmonella. This would 
serve to favor the growth of only Salmonella as well as 
to help maintain the proper pH. But since a carbohy- 
drate with such desirable seiective properties is not 
known, it seemed best to substitute for lactose some 
sugar which can, at least, also be fermented by Salmo- 
nella so that their growth also can be stimulated. Manni- 
tol was selected because it is fermented by virtually all 
strains of Salmonella. Although most strains of Escher- 
ichia ferment mannitol, it is unavailable to all but one 
species of Proteus, namely P. retigert, and therefore the 
growth of most Proteus strains is not helped by this 
carbohydrate. 

The amount of phosphate in the medium is of con- 
siderable importance. All of the test organisms failed to 
grow when phosphate was omitted. This was somewhat 
surprising because the peptone and yeast extract in the 
medium can be expected, usually, to supply sufficient 
phosphate, as an impurity, for microbial growth. It 
seems likely that the other ingredients of the medium, 
particularly the inhibitory compounds selenite and 
brilliant green, increase the phosphate requirements 
above the normal level. Conversely, a relatively high 
concentration of phosphate, 0.1 M, stimulates the 
growth of Proteus and inhibits partially some strains 
of Salmonella. The phosphate concentration finally 
adopted, 0.025 m, was best for the dual purpose of 
stimulating Salmonella and inhibiting Proteus. Recently 
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North and Bartram (1953) have shown that growth of 
Salmonella in selenite F broth is improved when the 
phosphate concentration is reduced from 1.0 to 0.25 per 
cent. 

They noted, also, that selenite F broth prepared from 
some batches of peptone did not support the growth of 
Salmonella and that the addition of small amounts of 
yeast extract corrected this unsatisfactory condition. 
The presence of both peptone and yeast extract in our 
medium should serve to avoid this difficulty. 


DIscussION 
It has been established that for the isolation of 
Salmonella from natural sources preliminary enrich- 
ment in suitable media leads to a greater number of 
isolations than direct plating procedures. During the 
past half century, a large variety of enrichment media 
for Salmonella have been developed and used, each 
possessing certain advantages and disadvantages 
(Mallman et al., 1942; Williams Smith, 1952; Banwart 
and Ayres, 1953). The special merit of the selenite 
brilliant green medium described in the present paper is 
its marked ability to suppress the growth of strains of 
Escherichia and Proteus. Moreover, the medium con- 
tains a balanced mixture of three inhibitory compounds 
selenite, brilliant green, and taurocholate which are 
active against a large variety of gram positive and gram 
negative bacteria. This results in a highly selective 
medium, but one which nevertheless permits abundant 
growth of Salmonella from very small inocula. 

One disadvantage of brilliant green is the tendency of 
the dye to lose its selective properties in the presence of 
high concentrations of organic matter (Browning ef al., 
1913; Krumwiede and Pratt, 1914; Stark and Curtis, 
1936). This becomes important whenever large amounts 
of organic matter, in the form of test material, are added 
to the medium. A similar situation exists in the case of 
selenite (Leifson, 1936). Although the selenite does not 
seem to be essential for our medium, it has been retained 
to protect the selective action of the medium, as much 
as possible, against the neutralizing effect of added 
organic matter. Despite this precaution, the addition of 
10 per cent of liquid whole egg to the medium reduces 
its ability to suppress the growth of Escherichia and 
especially Proteus. This effect of egg is a general phe- 
nomenon which occurs with many of the commonly 
employed Salmonella enrichment media (Hurley and 
Ayres, 1953) and is now under investigation. 

Our data are derived from studies with pure cultures 
and it is possible therefore that different results might 
be obtained when isolations of Salmonella from natural 
materials are attempted. But there is reason to believe 
that the advantages of the selenite brilliant green 
medium will be retained in practice. The addition of 
brilliant green and bile salts to tetrathionate medium 
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resulted in a considerable increase in the numb -r ¢j 
isolations of Salmonella (Kauffman, 1935) and ther ‘fon 
one may expect that similar improvement will occur 
the addition of brilliant green and bile salts tc the 
selenite medium. The other modifications of the selenite 
medium, that is, use of both peptone and yeast extract, 
substitution of mannitol for lactose and regulation oj 
the phosphate concentration should also prove he!pfy 
in the isolation of Salmonella. 
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SUMMARY 


A selenite brilliant green enrichment medium for the 
isolation of Salmonella is described. It is more effective 
in preventing the growth of strains of Escherichia and 
Proteus than the commonly used selenite F broth. Al- 
though the new medium is highly selective, it supports 
abundant growth of Salmonella from very small inocula. 
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The role of starter organisms in the ripening of 
various cheese varieties has been the subject of extensive 
study in recent years (Deane, 1951; Peterson et al., 
1948; Baribo and Foster, 1952; and Van der Zant and 
Nelson, 1954a). The accumulation of various free amino 
compounds during cheese ripening has been attributed 
primarily to enzymes of bacterial origin (Peterson 
et al., 1948; Deane, 1951; Harper and Gould, 1952). 

Most of the previous studies have been limited to 
the (Hansen, 1941; 
Morgan and Nelson, 1951). Baribo and Foster (1952) 
determined some of the characteristics of the endo- 
S. lactis, 
Lactobacillus casei, and Micrococcus freudenreichii. Van 
der Zant and Nelson (1953a and 1953b) investigated 
the proteolytic activity of S. lactis and a cell-free 
extract of this organism prepared by sonic vibration. 
Recently, Van der Zant and Nelson (1954a, 1954b) 
reported using paper chromatography to investigate the 
presence of amino acids and peptides in skimmilk 
inoculated with S. lactis, and to study some of the 
characteristics of the endocellular peptidases of this 


organism Streptococcus lactis 


cellular proteinases of one strain each of 


organism. 

In the present study, ion exchange chromatography 
was applied to investigate the proteolytic activity as 
measured by the presence of various acidic free amino 
acids of several lactic acid starter organisms; namely, 
Lactobacillus bulgaricus, Lactobacillus lactis, and Strepto- 
coccus thermophilus. 


EXPERIMENTAL METHODS 


Cultures. Lactobacillus bulgaricus strains V4, Vio, Vie, 
Vo, Vin, R and Rs, L. lactis strains 8 to 15, Kin, Vios and 
Ving, S. thermophilus strains 8, T;, Ts, and T; were used 
in the present study. These cultures were obtained from 
the Dairy Products Section, Washington Utilization 
fesearch Branch, U. 8. Department of Agriculture. 
They represent starters used in the 


isolates from 


‘ Supported in part by funds from the Research and Market- 
ing Act of 1946 through the Dairy Products Section, Washing- 
ton Utilization Research Branch, U.S.D.A., the Institute of 
Nutrition and Food Technology, The Ohio State University, 
The Ohio Dairy Products Fund, and The Keenan Fund. 

2 Scientific Paper 14-54. The Department of Dairy Tech- 
nology, The Ohio State University. Ohio Agr. Exp. Sta. 
Journal Article 59-54. 
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manufacture of Provolone and Romano cheeses. They 
were cultivated through serial passage until they grew 
actively at 42 C within 12 hours and then were used to 
inoculate 700 ml of sterile skimmilk using two per cent 
inoculum. Unless otherwise mentioned, the cultures 
were incubated for 12 hours at 42 C and then stored at 
10 C for various lengths of time. 

Application of ton exchange chromatography. The 
proteolytic activity of these organisms on the skimmilk 
was measured by determining qualitatively and quanti- 
tatively the presence of eleven free acidic a-amino 
compounds using Moore and Stein’s (1951) ion exchange 
chromatographic method as modified by Hamdy et al. 
(1955). The acids studied in the order of their elution 
were: cysteic acid, serine phosphate, taurine, aspartic 
acid, threonine, serine, asparagine, glutamine, glutamic 
acid, proline, and glycine. 

Preparation of sample for ion exchange chromatography. 
Fifty-ml samples were withdrawn aseptically from the 
milk cultures with a sterile pipette and placed in 250- 
ml centrifuge bottles with 100 ml of distilled water 
containing 20 per cent ethyl alcohol by volume. The 
mixture was stirred vigorously with a mechanical 
stirrer for five minutes, and then cooled at 8 C for 
approximately two hours. This permitted precipitation 
of the nonsoluble protein fractions, after which the 
sample was centrifuged and then filtered through a fine 
sintered glass filter. The precipitates were washed twice 
with 50 ml distilled water. The filtrate (about 200 ml) 
was condensed at a low temperature under vacuum to 
8 to 10 ml. One ml of this concentrate was adjusted to 
pH 3.0 and used for the ion exchange chromatography. 

The chromatographic separation. The sample was 
adsorbed on a 110 x 0.9-cm sulfonated polystyrene resin 
column operated in the sodium form. The column was 
then mounted on an automatic constant volume (1.0 
ml) fraction collector. Two aliquot portions (0.5 ml) of 
pH 4.0 sodium citrate buffer were used to wash the 
acids in the resin bed. The chromatogram was de- 
veloped by displacing these adsorbed amino acids 
using about 150 ml of pH 4.0 sodium citrate buffer. 
The effluents were collected in 1.0-ml fractions in small 
10-ml glass vials, and the elution was concluded after 
collecting 150 fractions. 

Analysis of effluent fractions. The presence and the 
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position of the a-amino acids were determined by spot- 
ting, with a capillary tube, a small amount of each of 
the effluent fractions on Whatman No. 1 filter paper. 
The spots were completely air dried and sprayed with 
the ninhydrin-n-propanol solution of Moore and Stein 
(1948), then placed in a 100 C oven for 3 to 5 minutes 
to develop the color. After establishing the position of 
the amino acids and determining their identity by 
comparison with the location of pure amino acids 
(Hamdy et al., 1955), the vials containing the specific 
a-amino compound were combined and then adjusted 
to a known volume, and the concentration determined 
using the photometric ninhydrin method of Moore and 
Stein (1948). The concentration of the specific amino 
acids in the sample was then calculated using standard 
curves for each acid as described by Hamdy et al. 
(1955). In all amino acids determinations, duplicate 
experiments were made and the average results are re- 
ported. 


RESULTS 
This study was divided into two general phases. 
The first phase consisted of an investigation of the 
proteolytic activity of single strain cultures of L. lactis, 
L. bulgaricus and S. thermophilus. For the second phase 


of work, mixed strain cultures of the three organ :sms 
were used. 

Single strain studies. L. lactis Vio4, L. bulgaricus V, 
and S. thermophilus T; were used. These strains \ ere 
grown alone and in various combinations with cach 
other in skimmilk for 12 hours at 42 C and then stored 
at 10 C. Selection of these specific strains was made 
primarily on their ability to produce comparable 
amounts of acid, with a range in pH values of 5.) to 
5.3 after 12 hours incubation. This permitted a study 
of the effect of one species on another without sup- 
pressing the growth of any of the individual organisms, 

The results of the analyses of the three different 
lactic acid producing cultures at the end of 12 hours of 
incubation and after 0.5, 3, 7, 18, and 28 days of 
storage are shown in table 1. As noted, neither cysteic 
acid or proline could be detected in any of the cultures 
at any given time. Of the other amino compounds, 
only serine phosphate was present in all cultures at 
all times. In general, L. lactis Vio, showed the greatest 
concentration of amino acids at any given time, where- 
as very few of the amino acids could be found in milk 
inoculated with S. thermophilus T;. The effect of 
storage time on the accumulation of the various acids 
is considerable, and the variations in this effect should 


TaBLE 1. The acidic free amino compound content of various lactic acid starter cultures* 


Concentration of Amino Compounds in mg/1000 ml of Fermented Milkt 


Age of Culture 




















Seri aiken eoni ate As - in Oe ee 
pleepiate | T#irne | TE | tuning | aed” | Glin 
Lactobacillus lactis V 104 
12 hours incubation......... 41.7 0 + + + 0 oo 0 
12 hours storage........... 68.3 0 0 7.9 10.1 52.9 0 
S MINVG MUDTABO =... 6.5.55 121.1 2.2 0 0 | 0 146.0 41.2 0 
7 days storage..... i 75.2 17.6 0 0.2 21.4 43.2 39.0 
18 days storage........... 157.9 on 0 139.2 37.7 0 56.6 
28 days storage........ 159.5 0 0 0 8.0 98.0 0 28.1 
Streptococcus thermophilus T; 
12 hours incubation............ 31.9 0 0 0 0 0 + + 
12 hours storage.......... 45.6 oo 0 0 0 0 a 
3 days storage......... 52.2 0 0 0 0 0 0 0 
7 days storage....... 49.5 0 0 0 0 0 0 0 
18 days storage.............. 49.4 0 0 0 0 0 0 0 
28 days storage............ 45.9 0 0 0 0 0 0 0 
Lactobacillus bulgaricus V4 

12 hours incubation......... 36.3 0 0.8 0 | 0 0 0 
12 hours storage.......... 43.9 3.6 1.9 18.2 0 + | + 
ee ee 97.9 = 0 12.1 0 + | 25.2 
7 days storage..... 104.4 0 0 0 9.4 35.8 4 + 
18 days storage....... Reais seeks 97.4 + 0 0 3.8 15.6 0 | 13.5 
28 days storage............... 146.2 0 0 0 8.0 31.3 0 | + 


* Acid present but in less than 0.5 mg/1000 ml concentration. 


+ Cysteic acid and proline were not present. 


t Threonine and serine could not always be separated, and asparagine and glutamine were not separated in this trial. 
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TABLE 2. The acidic free amino compound content of various lactic acid starter cultures 
Concentration of Amino Compounds in mg/1000 ml of Fermented Milk* 
Age of Culture ah : ae . : <i Ga a Sa : : — 
Sct, | Taurine | Aspartic | threonine | “Serine | apurasis, | Glutamic | Giycn 
Lactobacillus lactis V104 and Lactobacillus bulgaricus V4 
12 hours storage 100.3 8.7 0 0 0 0 35.3 0 
3 days storage 93.9 14.7 0 0 0 199.1 0 0 
7 days storage 113.5 0 0 0 0 0 0 29.1 
Se ROSIE soy pi cciin wis ds ewsla- vide ares 205.1 3.5 0 0 0 38.0 0 51.3 
DR RN NIM 56 5.4 wisieignn a suid seers ene 102.3 +f 0 0 0 44.7 0 55.4 
Lactobacillus bulgaricus Vs, and Streptococcus thermophilus T; 
12 hours storage 82.0 0 0 0 0 0 0 0 
3 days storage 102.4 0 0 0 0 0 0 0 
7 days storage 84.3 1.5 0 0 0 0.89 0 67.03 
18 days storage : 77.3 0 0 0 0 + 0 0 
28 days storage , 84.3 0 0 0 0 0 0 0 
Lactobacillus lactis V104 and Streptococcus thermophilus T; 
12 hours storage 12.5 0 0 0 0 0 5.1 0 
3 days storage 31.9 0 0 0 0 57.8 8.8 0 
7 days storage 71.0 0 0 0 0 60.3 86.4 0 
18 days storage 236.9 + 0 0 0 0 0 53.5 
28 days storage. . 218.7 11.4 22.6 0 0 0 0 97.7 
Lactobacillus lactis V104, Lactobacillus bulgaricus Vs and Streptococcus thermophilus T; 
12 hours storage 62.6 + 0 7.4 0 0 28.5 
3 days storage 77.3 + 0 14.3 19.5 0 65.6 
7 days storage 96.3 + 0 0 5.4 25.8 0 2.6 
18 days storage 200.4 3.1 0 0 28.6 74.0 0 74.0 
28 days storage 0 0 38.1 34.1 


99.0 0 


* Cysteie acid and proline were not present. 


+ Acid present but in less than 0.5 mg/1000 ml concentration. 


be noted. For example, aspartic and glutamic acids 
tended to be highest after 12 hours of storage, then to 
decrease, whereas the amides, asparagine and gluta- 
mine, and glycine increased during the storage period. 
Other compounds, such as serine phosphate and 
threonine-serine increased and decreased during the 
storage. 

The various single strains of organisms were also 
grown in combination with one another and stored in 
the same manner. As shown in table 2, there is a defi- 
nite effect of one species on another as indicated by 
the change in the pattern of free amino compounds 
produced. For example, glycine, which was produced 
in very small amounts or not at all, was present in 
much higher concentrations in the mixed cultures. 

Glutamic acid was produced by L. lactis Viox and 
by L. bulgaricus V, up to the 18th and 7th day of 
storage respectively, yet upon growth and storage of 
these cultures in combination with one another the 
vlutamie acid was not detected except at 12 hours 
storage. Serine and threonine also were produced by 
these strains growing alone, but their presence could 
not be found when L. lactis and L. bulgaricus were 


56.0 0 





grown together. The same effect was noted when L. 
bulgaricus V4 was grown with S. thermophilus T;. Upon 
the growth of these organisms together, most of the 
acids produced by L. bulgaricus V4 were not detected. 

The combination of all three organisms resulted in 
an entirely different amino acid pattern than when 
any two were grown in combination. For example, 
both threonine and serine were detected after incuba- 
tion and subsequent storage. Glutamic acid was not 
found at any time, whereas asparagine and glutamine 
were present after 3 days of storage. Glycine was 
present in all samples at all periods of storage, which 
was not true when any two of the organisms were 
grown together. 

Mixed strain studies. L. bulgaricus strains V4, Vio, 
Vie, Vos, Vn, R and R3; L. lactis strains Ky, 8-15, Vios, 
and Vjo9; S. thermophilus strains S, T;, Ts, and T; were 
used in this study. These mixed strains were grown 
alone and in various combinations in skimmilk to in- 
vestigate their proteolytic activity, indicated by the 
liberation of amino acids, and the effect of one species 
on the other as previously noticed in the single strains 
study. The cultures were grown for 24 hours at 42 C, 





224 HAMDY, HARPER AND WEISER VOL 3 
TABLE 3. The acidic free amino acid content of various mixed cultures of lactic acid starter cultures* 
Concentration of Acids in mg/1000 ml of Fermented Milkt 
Age of Culture 6 - : i ee es 
Serine phosphate Taurine Aspartic acid | Serine Asparagine | Glutamic a 
Lactobacillus lactis (mixed strains) 

2 days 41.6 0 0 0 0 50.59 
12 days 18.6 0 0 0 0 79.12 
40 days 59.8 0 0 0 0 26.4 

Streptococcus thermophilus (mixed strains) 

2 days 68.9 0 0 0 0 140.7 
12 days 97.8 5.92 .20 ‘ 0 0 53.9 
40 days 172.0 0 0 19.56 0 38.4 

Lactobacillus bulgaricus (mixed strains) 

2 days 27.0 0 0 0 0 0 
12 days 39.6 0 14.10 0 0 75.3 
40 days 76.4 0 0 87.8 97.4 185.6 


* Cultures grown in skimmilk for 24 hours at 42 C, stored at 10 C. 
+ Cysteie acid, threonine, glutamine, and proline were not detecte 


reaching a pH of from 5.1-5.3. The free acidic a-amino 
compounds were measured after incubation of the 
cultures for 24 hours at 42 C, and after 2, 12, and 40 
days of storage at 10 C. 

The results of the studies of mixed strains of the 
three species are presented in table 3. It is apparent 
that the combination of strains gave a different pat- 
tern of amino acid accumulation than did the single 


sd in any culture. 


strains of the test organisms recorded in table 1. This 
is especially apparent for the mixed strains of S. 
thermophilus, which gave a greater accumulation of 
free amino acids than did the single strain. In the 
mixed strain cultures, serine phosphate and glutamic 
acid were present at 2, 12, and 40 days of storage. 
The other acids were detected at certain times in some 
cultures, with none of the cultures containing measur- 


TABLE 4. The acidic free amino acid content of various mixed cultures of lactic acid starter organisms* 


Concentra 


Age of Culture 


tion of Acids in mg/1000 ml of Fermented Media 


Pc li Taurine Aspartic acid Threonine Serine Asparagine Glutamine Glutamic acid 
Lactobacitlus lactis and Streptococcus thermophilus (mixed strains) 

2 dayst 

12 days 60.3 0 0 0 0 0 0 87.65 
40 days 3.3 0 0 0 0 17.4 0 14.2 

Lactobacillus lactis and Lactobacillus bulgaricus (mixed strains) 

2 dayst 

12 days 24.64 3.17 0 66.56 0 0 0 18.22 
10 days. 47.0 1.06 0 0 0 69.0 0 3.08 

Lactobacillus bulgaricus and Streptococcus thermophilus (mixed strains) 

2 dayst 

12 days 162.2 0 158.34 0 0 0 0 77.21 
40 days 106.0 0 0 0 0 17.4 105.0 145.8 

Lactobacillus lactis, Lactobacillus bulgaricus, and Streptococcus thermophilus (mixed strains) 

2 days 58.8 0 0 0 0 0 0 87.65 
12 days 76.0 0 0 148.83 0 50.74 0 61.38 
40 days 54.4 0 0 0 0 50.4 16.90 22.6 


* Cultures grown in skimmilk for 24 hours at 42 C, stored at 10 C. 
+ No analysis. 
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able concentrations of cysteic acid, threonine, gluta- 
mine or proline. 

Phe results of the various species grown in combina- 
tion are shown in table 4. As was true for single strain 
cultures, there was a pronounced effect of one species 
on another. Threonine was not produced by any of 
the species grown alone, but the mixture of L. lactis 
and L. bulgaricus resulted in a rather high concentra- 
tion of threonine at 12 days of storage. Glutamine 
was found only in the mixed culture of L. bulgaricus 
and S. thermophilus and in the mixture of these species 
with L. lactis but not with any species growing alone. 

Control. A control consisting of only sterilized skim- 
milk media, incubated and stored at 10 C for the same 
length of time as in the other experiments, showed the 
presence of no acidic and amino compounds other 
than serine phosphate. This was detectable after in- 
cubation, then increased in concentration from 9.11 
to 14.4 to 39.9 followed by a decrease to 18.2 to 14.2 
and finally to 6.6 mg of serine phosphate per 1090 ml 
of skimmilk media at 12 hours, 3, 7, 18, 28, and 40 
days respectively. No viable microorganism could be 
detected in one-ml samples of sterilized mik. At the 
present time, there is no apparent explanation for this 
interesting observation. 


DISCUSSION 


The data presented in this paper suggest that the 
proteolytic activities of the starter organisms play an 
important part in bringing about the specific changes 
that take place in the ripening of Italian cheeses, 
Provolone and Romano. In this study, the proteolytic 
activities of these cultures were measured in terms of 
eleven free acidic a@-amino compounds in skimmilk. 

The proteolytic activity in cheese, in general, is 
due to the action of multiple enzyme systems from 
different sources: namely, the milk, rennet paste, and 
the microflora present. The results of this study sug- 
gest that each type or strain of lactic acid starter or- 
ganism may produce different proteolytic end products 
when growing alone than when growing in combina- 
tion with other strains of the same or different species. 
Single culture studies revealed that L. lactis Vio, and 
L. bulgaricus Vs were more active in their proteolytic 
activities than S. thermophilus T;, while in mixed 
culture studies, the S. thermophilus showed more ac- 
tivity than both the L. bulgaricus and the L. lactis. 
The noticeable influence of one organism or group of 
organisms on one another, to bring about definite 
changes of the amino acid pattern as indicated in this 
investigation, may be explained on the basis of: (a) 
synergism between species or strains to bring about 
changes that neither of the species or strains could 
produce alone; (b) blocking of some reactions that lead 
to the liberation of certain amino acids; or (¢) metabio- 
ss, Whereby the product of one organism may become 





AMINO COMPOUNDS IN LACTIC ACID CULTURES 


a substrate for the other organism. Nurmikko (1952) 
has shown that symbiotic interrelationships do exist 
between different. strains of lactic acid bacteria in a 
medium of known chemical composition. 

Serine phosphate was produced in skimmilk media 
by all the lactic acid starter culture organisms under 
investigation, either growing alone or in combination 
with others. This acidic amino acid may have a bio- 
logical significance in these cultures, but this is not 
clear at this time. It was also found in some sterile 
skimmilk samples initially and upon incubation at 
42 C and storage at 10 C. The presence of serine phos- 
phate may be due to chemical changes resulting from 
the sterilization of the skimmilk. The concentration of 
the serine phosphate in the sterile skimmilk control 
sample was almost one-fifth its concentration in any 
of the inoculated culture media. The presence of free 
amino acids has been reported by Block (1951) and by 
Van der Zant and Nelson (1954a) in a protein-free 
fraction of skimmilk. These investigators did not 
report the presence of serine phosphate acid in their 
studies. The role of serine phosphate is under investi- 
gation at the present time with the hope of securing 
more information about its liberation, utilization and 
significance. 


SUMMARY 


The content of free acidic amino compounds in the 
protein-free fraction of skimmilk incubated at 42 C 
with Italian cheese starter organisms for 12 to 24 hours 
incubation and storage at 10 C for various lengths of 
time was investigated by ion exchange chromatog- 
raphy. The results showed an increase in amino acids 
in mixed cultures of various strains of Lactobacillus 
lactis, Lactobacillus bulgaricus, and Streptococcus 
thermophilus. Serine phosphate was present in. all 
cultures due to bacterial action. It was also observed 
in some of the sterile skimmilk samples due to the 
effect of heat. 
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Long incubation times frequently are necessary for 
obtaining accurate dilution counts of spores of anaero- 
bic bacteria in meat products. According to Morrison 
and Rettger (1930) and to Knaysi (1945, 1948) slow 
germination often is due to limiting factors in the 
medium rather than to inherent microbial charac- 
teristics. The various environmental factors affecting 
spore germination were discussed by McClung (1944), 
Olsen and Scott (1946), Hills (1949a, b; 1950), Halvor- 
son (1950), Powell (1950, 1951) Wynne (1952), 
Stewart and Halvorson (1953, 1954), and Church et al. 
(1954), and suggest the complex requirements neces- 
sary for an ideal subculture medium. Wynne and 
Foster (1948) showed that a pork infusion thioglycol- 
late medium containing soluble starch considerably 
reduced the germination time of spores of several 
anaerobic species. The shortcomings of this medium 
were enumerated by Burke et al. (1950) in their discus- 
sion of the incidence of putrefactive anaerobic spores 
in meat products. 


1 Journal Paper No. J-2470 of the Iowa Agricultural Ex- 
periment Station, Ames, Iowa. Project No. 1017. 

2 This paper reports research undertaken in cooperation 
with the Quartermaster Food and Container Institute for the 
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of papers approved for publication. The views or conclusions 
contained in this report are those of the authors. They are not 
to be construed as necessarily reflecting the views or indorse- 
ment of the Department of Defense. 

3 Present address: The Rath Packing Company, Waterloo, 
Iowa. 


Since Brown et al. (1939), Oxford et al. (1940), and 
Weizman and Rosenfeld (1939) showed that extracts 
of dried yeast favored the development of certain 
anaerobic bacteria, the possibility was considered that 
the germination time of anaerobic spores also might be 
favorably affected by the addition of yeast cultures to 
subculture media. 

The purpose of this investigation was to determine 
the efficacy of yeast-supplemented media in reducing 
the incubation time required for accurate enumeration 
of anaerobic spores and to devise an efficient medium 
without the shortcomings of pork infusion medium 
for enumerating spores of anaerobic bacteria in meat 
products. 


EXPERIMENTAL METHODS 


Spore suspensions of Clostridium sporogenes, Clos- 
tridium novyi, Clostridium parabotulinum Type A and 
B, Clostridium tetanomorphum, and Clostridium species 
P. A. 3679 were prepared according to the methods 
proposed by Stumbo et al. (1950). 

Test cultures of Saccharomyces cerevisiae (Lowa 
State College culture collection reference number 
92-1-B) were prepared in the following manner: 5 ml 
of a stock yeast suspension (ca 10’ cells per ml) were 
inoculated into sterile medium consisting of: Bacto 
peptone 3 g; dextrose, 30 g; Ke2HPO, 1 g; (NH,).S0O, 
1 g; and H,O, 250 ml. After agitation for 18 hours on 
a rotary shaker at room temperature (20 to 25 C), the 
culture was neutralized with NaOH. The use of pure 
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cultures was assured by microscopic examination, 
characteristic colony formation on aerobic plating 
agar, and heat lability and consequent absence of 
turbidity in anaerobic broth. 

Descriptions of anaerobic media and their designa- 
tions used in this study are as follows: 


Basal Medium (B Medium): Semisolid medium described by 
Ayres and Adams (1953) but without the yeast extract. Pro 
teose peptone No. 4, 20 g; agar, 15 g; dextrose, 5 g; sodium 
chloride, 5 g; dibasic potassium phosphate, 2.5 g; soluble 
starch, 1.0 g; sodium thioglycollate, 0.5 g; resazurin, 0.001 g; 
distilled water, 1000 ml; pH 7.4. (Casitone may be substituted 
for the proteose peptone No. 4.) 

Basal + Yeast Extract Medium (B + YE): Basal medium 
plus 0.5 per cent yeast extract. 

Basal + aY Medium (B + aY): Basal medium plus 0.5 
per cent Difco autolyzed yeast. 

Brewer medium: Difco Brewer thioglycollate medium 
supplemented with soluble starch (0.1 per cent). 

C medium: A semisolid medium containing: Peptone, 5 g; 
tryptone, 1.6 g; beef extract, 4 g; yeast extract, 3 g; agar, 2 g; 
KeHPOy,, 1.25 g; ascorbic acid, 0.25 g; soluble starch, 2 g; and 
distilled water, 1000 ml. 

C(-YE) medium: The C medium without yeast extract. 

Linden medium: Difco Linden thioglycollate medium sup 
plemented with soluble starch (0.1 per cent). 

NIH medium: Difco NIH thioglycollate broth supplemented 
with soluble starch (0.1 per cent). 

PI medium: Semisolid pork infusion medium described by 
Wynne and Foster (1948). 

B+ Y,C+ Y,C(-YE) + Y, and-PI + Y media: Preceding 


media supplemented with veast culture (10 per cent). 


The rate of spore germination in these test media 
was followed by use of the most probable numbers 
(MPN) technique. Triplicate MPN sets, each consist- 
ing of 5 tubes of media in each of 3 dilutions, were 
prepared for each medium tested. 

Yeast-supplemented media were prepared by  in- 
oculating 1-ml quantities of yeast suspension into 
18 x 150-mm tubes each containing 9 ml of anaerobic 
broth. All tubes of media in the MPN sets, including 
those not supplemented with yeast culture, were then 
inoculated with spores, overlayered with a_paraffin- 
mineral oil mixture, and heat treated for 20 minutes 
in a thermo-regulated water bath maintained at 80 C. 
The time and temperature used for heating to destroy 
vegetative cells was selected arbitrarily. It was recog- 
nized that the heat treatment destroyed some of the 
more labile spores and hence gave underestimates of 
spore populations. However, it was considered that 
errors of this type were constant for the various sub- 
strates tested. Were some of the more heat sensitive 
strains of Clostridium, such as C. botulinum type C, to 
have been examined, it would have been necessary to 
employ lower levels of heat. The time elapsing between 
inoculation and heat treatment was minimized by use 
of a mechanical apparatus for stratification of the 
medium with paraffin-mineral oil. Stratification was 
carried out in a continuous operation immediately 


after the tubes were inoculated. Cultural tests showed 
that the yeast culture and anaerobic bacterial cells 
were killed by this heat treatment leaving only spores 
in the test media. Tubes of inoculated media were 
incubated (37 C) and observed at intervals for tur- 
bidity and/or gas production in excess of that observed 
in adjacent tubes in an MPN set. At different incuba- 
tion times, the MPN of germinated spores in the test 
media was obtained from tables derived by McCrady 
(1915) and Halvorson and Ziegler (1933). In all experi- 
ments, microscopic examination demonstrated that 
turbidity of representative positive tubes in MPN 
sets was caused by bacterial proliferation and not by 
yeasts which may have survived the heat treatment. 

A similar technique was employed to determine the 
number of spores in inoculated meat subcultured in 
test anaerobic media. One hundred grams of com- 
minuted Canner Grade beef was inoculated with 100 
spores of Clostridium sp. P. A. 3679 and blended for 
five minutes with a known volume of distilled water. 
Ten aliquots of inoculated meat at each of three 
decimal levels ranging between 1.0, 0.1, and 0.01 g 
were transferred to 30 tubes (25 x 200 mm) of test 
media comprising a single MPN set. Control MPN 
sets containing uninoculated meat indicated that the 
population of spores of putrefactive bacteria ranged 
from 1 to 3/100 g. Subcultured samples were over- 
layered with paraffin-mineral oil, heat treated for 25 
minutes in a thermoregulated water bath maintained 
at 85 C, and observed for putrefactive spoilage at 
intervals of incubation (37 C). The criteria for germina- 
tion of test spores was turbidity, gas formation, putre- 
factive odor, meat digestion, and microscopic evidence 
of the inoculum. 


RESULTS AND DiIscussION 


Spores of anaerobic bacteria frequently exhibit long 
periods of dormancy in media used to obtain recovery. 
In these cases, spore germination may be accelerated 


TABLE 1. Numbers of anaerobic spores recovered from 
subculture media 


Spore Recovery Media 


Basalt + + | Basalt + 


Test Organism Basalt 

Basal yeast auto- yeast 

ontinins = culture 

Clostridium sporogenes 20* 150 65 950 

Clostridium novyt 170 140 45 330 

Clostridium parabotulinum <0.2 | <0.2 | <0.2 | 240 
Type A 

Clostridium parabotulinum 430 470 40 90 
Type B 

Clostridium tetanomorphum <0.2 | <0.2 | <0.2| 170 

2| 770 


Clostridium sp. P.A. 3679 85 210 <0. 


* Mean value of spore counts per ml of medium as de- 
termined by triplicate MPN sets after 24 hours of incubation 


(37 C) 
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by the addition of required nutrients and/or stimula- 
tory substances or by the adsorption of inhibitory 
factors in the media. Olsen and Scott (1946) demon- 
strated that soluble starch in media adsorbs substances 
which retard germination of spores. The following 
study indicates that the addition of a suitable yeast 
culture to media containing soluble starch further in- 
creases the rate of spore germination and the total 
number of recovered spores. 

The numbers of spores of each of six Clostridia 
which were countable after 24 hours of incubation in 
four different test media are indicated in table 1. With 
all but one of the strains, the basal medium supple- 
mented with yeast culture allowed recovery of con- 
siderably more spores than did the basal medium 
when used alone (B) or with added yeast extract 
(B + YE) or autolyzed yeast (B + aY). These data 
indicate that commercial yeast extract and autolyzed 
yeast may be deficient in essential germination factors 
or may contain inhibitory substances which are not 
adsorbed by soluble starch. In any case, the brief lag 
period with spores in the B + Y medium suggested 
the need for additional information regarding the 
veast culture and other yeast-supplemented media. 

The yeast culture. A series of experiments with yeast 
cultures demonstrated that maximum activity de- 
pended on particular methods of yeast propagation. 
The relationship between age and activity of the 
yeast culture was found to be a critical factor. Maxi- 
mum germination response of anaerobic spores was 
found when the subculture media were supplemented 
with a 20-hour yeast culture. Minimal responses were 
found with control media and with media supple- 
mented with 10-, 30-, and 40-hour yeast cultures. 
Because the number of yeast cells in the active 20- 
hour culture was less than that in the more inactive 
30- and 40-hour yeast cultures, the size of the yeast 
population was considered not to be correlated with 
the activity of cultures. That the yeast cells per se were 


TABLE 2. Percentage recoveries of spores of Clostridium para- 
botulinum Type A subcultured in different anaerobic media 


Incubation Time (hr 
Subculture 


Media 
20 24 30 45 35 gO 100 230 580 
Brewer... ..|<0.2)<0.2) <0.2)<1 <1 <l 3 3.15 
Linden......|<0.2)<0.2) <1 10 30 90 100 
NIH ..|<0.2,<0.2} <0.2)<1 <1) 1 2 2 7 
B 1<0.2,<0.2) <0.2;<0.2;) <1j;<1i| <1 2 10 
B+ Y ; <0.2)<0.2 1 75 95 95 > 100 
Cc .|<0.2;<0.2 5 7 10° 25 35 > 100 
C(-YE) <0.2)<0.2) <1 8 45, 80. >100 
C+Y ] 10 50 |» = -85)— > 100 
C(-—YE) 2 25 >100 
+ Y 
PI 1 25 >100 
Pas ® .... 50 95 >100 


AND J. C. AYRES 
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not involved in germination of spores was verified yy 
observing the long germination lag of spores in basal 
medium supplemented with multiple-washed — yeust 
cells. These experiments indicated that the ‘“germina- 
tion factors’ are extracellular. This was verified 
several times by substituting the supernatant of tie 
yeast culture for the suspension of yeast cells and ob- 
taining a corresponding reduction in germination lag. 
The activity of the yeast culture was not diminished 
after 10-day storage (1 C). 

The relationship between activity of the yeast 
culture and concentration of sugar in the yeast sub- 
strate was also found to be a critical factor. When a 
series of yeast substrates containing 0, 2, 4, 8, 10, 12, 
14, and 16 per cent dextrose were tested, maximum 
activity was found in those cultures containing the 8 
to 12 per cent level of dextrose. 

The desirable effect of yeast-supplemented media, 
however, is likely attributable to factors other than a 
favorable shift of oxidation-reduction potential. After 
3 hours the Eh values of yeast-supplemented media 
differed from nonsupplemented media by only a few 
millivolts—a difference probably well within the ex- 
perimental error found with determinations of this 
nature. 

The activity of the yeast culture was further char- 
acterized by the following observations: 

A yeast culture diluted 9:1 with water possessed 
activity comparable to that of the undiluted yeast 
suspension, but progressive loss of activity was demon- 
strated with higher dilutions. 

The activity of yeast cultures was not changed by 
subjecting cultures for 5, 10, 20, 40, or 80 minutes to 
a temperature of 77 C. 

The separate addition of the following phosphory|l- 
ated carbohydrate intermediates, water soluble vita- 
mins, and cellular components at the indicated 
concentrations/ml of basal medium demonstrated no 
stimulatory effect on germination of spores of C. 
parabotulinum Type A: phosphoglyceric acid, 10 yg; 
fructose-6-phosphate, 10 yg; fructose-1 ,6-diphosphate, 
10 wg; thiamine, 1 wg; p-aminobenzoic acid, 50 yg; 
pyridoxine, | yg; biotin, 0.001 yg; nicotinie acid, 10 
ug; pantothenic acid, | wg; riboflavin, 1 wg; adenosine, 
20 weg; L-alanine, 0.05 ug, and uridine. 

The addition of the following group of metabolic 
intermediates at the indicated concentration/ml of 
basal medium showed no stimulatory effect on ger- 
mination of spores of Clostridium sp. P. A. 3679; 
adenosine diphosphate, 10 yg; acetyl phosphate, 100 
ug; glucose-l-phosphate, 100 ug; pyruvic acid, 100 ug 
and uridine. 


Data collected from ten yeast cultures showing 
especially desirable stimulatory activity indicate some 
characteristics which may serve as a preliminary basis 
for preparing and evaluating an active yeast culture: 
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a dextrose concentration of 10 to 12 per cent in the 
yeast substrate; a period of agitation of the yeast 
culture of 18 (+ 2) hours at temperatures between 20 
and 25 C; a pH value of 4.0 (4 0.5) for the yeast 
culture with a titratable acidity value of 9 (+ 2) ex- 
pressed as ml N NaOH /100 ml culture after the agita- 
tion period. 

Comparative tests of anaerobic media. The compara- 
tive rates of spore germination in the eleven anaerobic 
media (table 2) tested demonstrate the efficacy of 
yeast-supplemented media. Media containing com- 
mercial yeast extract were less effective as spore re- 
covery substrates than were media supplemented with 
yeast cultures. The relative inhibitory effect of com- 
mercial yeast extract on recovery of spores is demon- 
strated particularly with the C medium. The C medium 
without yeast extract, C(—YE), is a better recovery 
medium than the C medium which contained com- 
mervial yeast extract. This effect was substantiated 
when these two media were supplemented with yeast 
culture; again the medium without commercial yeast 
extract, C(—YE) + Y, showed a favorable effect on 
spore recovery compared with the medium containing 
yeast extract, C + Y. 

Attention is directed to the enhanced recovery rates 
of spores in all media supplemented with yeast culture 
and the comparable recovery rates of spores in the 
C(—YE) + Y and PI media. This latter observation 
suggests that a medium comparable to pork infusion 
broth can be prepared from laboratory stock ingre- 
dients.!. The superior quality of pork infusion broth 
is apparent, but it is considered significant that the 
addition of culture to this broth further en- 
hances its growth promoting properties; 95 per cent of 
inoculated spores were recovered from the PI + Y 
medium after only 24 hours of incubation. 
that 
spores can remain dormant for an extended period of 


yeast 


Recovery tests. Owing to the fact anaerobic 
time, their enumeration in meat products can involve 
the need for considerable amounts of glassware and 
incubator facilities. Generally such inconvenience is 
overcome by reducing the size of the sample popula- 
tion, the number of tubes in the MPN sets, or the time 
of incubation of the subcultured samples. The risks of 
such procedures involve, respectively, nonrepresenta- 
tive numbers; less accurate estimation; and under- 
estimates of the numbers of spores. An expedient way 
to eliminate these risks is by the use of a subculturing 
medium in which spores germinate after a minimum 
period of incubation. 

‘The factor responsible for increasing the rate of spore 
germination in these experiments is not known. Pantothenic 
acid conjugates, ATP, cysteine and/or uridine are factors 
reported to be involved in stimulating the early growth of some 
bacterial species (King ef al., 1949; Nishi ef al., 1950; Novelli 
ef al., 1949; Hoffmann and Paveek, 1952; and 
Cheldelin, 1953). 


King and 
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TABLE 3. Percentage recoveries of spores of Clostridium sp. 
P. A. 3679 from inoculated beef subcultured in different 
anaerobic media 


Incubation Time (Days 


Subculture Media Trial No. 


1 2 3 4 


percent percent, percent percent 


Basal + veast extract 1 5 20 20 20 
2 10 25 40) 40 
Basal + veast culture 1 15 100 >100 >100 
2 10 70 70 70 
Pork infusion ] 2 20 30 30 
2 Z 15 30 30 


Pork infusion + yeast 1 15 50 50 50 

culture 2 2 35° >100 >100 

CG 1 5 70 70 80 

2 10 55 55 an 

C(-YE) + Y 1 20 >100 >100 >100 
2 65 SO SO 


> 100 

Data in table 3 indicate that all test media which 
were supplemented with active yeast cultures markedly 
reduce the germination lag of spores in subcultured 
beef. Use of the C(—YE) + Y medium resulted in 
complete recovery of spores from meat within a brief 
and convenient period of incubation and this medium 
is shown to be a satisfactory laboratory substitute for 
pork infusion broth. 

These observations suggest that studies involving 
the enumeration of spores of certain anaerobic bac- 
teria in meat products can be facilitated by use of an 
anaerobic medium supplemented with an active yeast 
culture. 


‘ 


SUMMARY 

Several media were tested for their capacity or 
ability to reduce the lag in germination time of spores 
of anaerobic bacteria. Germination responses of spores 
of Clostridium Clostridium novyi, Clos- 
and B, Clostridium 
A. 3679 were 
determined. Test media supplemented with culture of 
Saccharomyces cerevisiae demonstrated marked reduc- 
tion in spore germination lag. Methods for cultivation 
and use of an active yeast culture are described. A 


sporogenes, 
tridium parabotulinum Type A 
tetanomorphum and Clostridium sp. P. 


substrate containing ten per cent nonviable yeast 
culture was devised which allowed complete recovery 
of spores following a brief incubation period. Use of 
media supplemented with yeast culture is suggested 
for studies involving the enumeration of spores of 
anaerobic bacteria in meat products. 
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Several publications have been presented during 
recent years describing the application of various 
scanning devices for automatic counting or differentia- 
tion of cells stained with fluorochromes (Mellors and 
Silver, 1951; Mellors, Glassman, and Papanicolaou, 
1952; and Loeser and Berkley, 1954). Most of these 
publications describe studies performed on cells ob- 
tained from tissue sections or on cancer cells derived 
from the secretions of certain anatomic sites. To the 
best knowledge of the authors, no mention is made in 
the literature of the application of electronic scanning 
techniques to the quantitative detection of bacteria. 

The purpose of this paper is to describe a technique 
for the quantitative estimation of bacterial popula- 
tions. The method is based on the electronic quantita- 
tion of fluorescence emitted from bacterial cells stained 
with a suitable fluorochrome. 


EXPERIMENTAL METHODS 


Materials and staining technique. Pure cultures of 
Bacillus subtilis morphotype globigii, Escherichia coli, 
Serratia marcescens, and Mycobacterium phlei in nu- 
trient broth were used in the experiments. The strains 
were incubated at optimum temperatures for 48 hours, 
with the exception of WM. phlet which was incubated 
for 7 days to allow full development of its acid-fast 
characteristics. 

The bacterial suspension to be counted was drawn 
into a Breed-Brew pipette to the 0.01-ml mark and 
spread over an area of 1 cm? on a new microscopic 
slide. The slide was not thicker than 1.3 mm. A Breed 
microscopic guide plate was employed for uniform 
distribution of the sample. After air drying, the bac- 
terial smears stained with the fluorochrome 
coriphosphine in a staining dish for at least 60 sec. 
The slides were then rinsed with tap or distilled water 
and dried with bibulous paper. . 

The stock solution of the fluorochrome was prepared 
by dissolving 1.0 g of coriphosphine? in 100 ml of 95 
per cent ethyl alcohol. The solution was allowed to 
stand at room temperature for at least 24 hours prior 
to further dilution. The stock solution was kept for as 
long as 6 months in a dark, tightly closed container 
without loss of effectiveness as a stain for microor- 


were 


1 This project was performed under contract of the Chemical 
Corps, Department of the Army. 
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ganisms. For the final staining solution, 1 ml of the 
stock solution was diluted with 97 ml of distilled 
water to which had been added 2 ml of liquefied 
phenol. 

Instrumentation. The fluorescence microscope in- 
cluding the photometric system employed for the 
measurement of the intensity of fluorescence emitted 
from bacteria is illustrated in figure 1 and consists of 
the following components: 

1. An illumination source, Type AH-4, 100-watt 
mercury vapor lamp* operated from a ballast, Type 
89-G-142* and mounted in the housing of a conven- 
tional microscopic lamp. 

2. A light source filter No. 5113, 3.75 mm thick‘ to 
isolate the exciting light. 

3. A conventional monocular microscope with an 
aluminum front surface substage mirror. 

4. An ultraviolet absorbing filter placed in the 10X 
ocular of the microscope (Kodak Wratten gelatin 
filter G-15° and orange filter‘). 

5. A photomultiplier tube Type 1 P 21’ with an 
amplifier suitable for measurement of the fluorescence; 
the multiplier photometer Model 520-M* was used, 
and the 10X ocular of the microscope was permanently 
mounted to the photomultiplier tube housing by three 
light-tight Kodak filter-holder rings.® 

For the visual observation of the fluorescence and 
for the direct microscopic counts of bacteria, a rect- 
angular field stop was placed in the 10X ocular to 
equalize the size of the microscopic field seen by the 
observer and that ‘‘seen” by the photomultiplier tube. 
This field stop rendered the following rectangulars 
visible on a microscopic slide: 


Oil immersion objective, 97X, 0.125 x 0.07 mm, 
or 0.09 mm? area 
High dry objective, 43X, 0.29 x 0.16 mm, 
or 0.05 mm? area 
Low power objective, 10X, 1.35 x 0.77 mm, 
or 1.04 mm? area. 


2G. Grubler and Company, Berlin, Germany. 

3 General Electric Company, Cleveland, Ohio. 

4 Corning Glass Works, Corning, N. Y. 

5 Eastman Kodak Company, Rochester, N. Y. 

6 American Optical Company, Buffalo, N. Y. 

7 Radio Corporation of America, New York, N. Y. 
8 Photovolt Corporation, New York, N. Y. 
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Fic. 1. Diagram of a system for instrumental scanning of 
fluorescence emitted from bacteria: (1) AH-4 Mercury vapor 
lamp; (2) Field lens; (3) Corning filter no. 5113; (4) Aluminum 
front surface mirror; (5) Condenser; (6) Object; (7) Objective; 
(8) Ocular, (9) Ocular filter; (10) 1P21 Photomultiplier tube; 
(11) Amplifier. 


Method. A bacterial smear stained with the fluoro- 
chrome coriphosphine was placed under the micro- 
scope so that the objective of the microscope was 
located over the extreme right section of the slide. The 
setting of the mechanical stage of the microscope was 
noted, and the intensity of fluorescence was recorded 
on the amplifier; the slide was moved 1.3 mm to the 
right, and the intensity of fluorescence was recorded 
again; the procedure was repeated until the entire 
length of the slide was screened. A 10X objective and 
a 10X ocular were used for these measurements. The 
slide was returned to its original position on the me- 
chanical stage, and the photomultiplier tube housing 
was replaced by a 10X ocular with the rectangular 
aperture stop mounted inside. The microscopic counts 
of the bacteria were made with 43X and 97X_ objec- 
tives. 

When the 43X objective was used, bacteria in four 
microscopic fields were counted, whereas with the 
97X oil immersion objective bacteria in nine fields were 


. C. FARMANTRAUT 


[ve u.3 


counted. This is illustrated in the following exan) ple: 
The intensity of fluorescence was recorded at the 1|'),0- 
mm position of the mechanical stage of the miro. 
scope; with the 43X objective bacteria counts \ ere 
made at the 9.4-, 9.7-, 10.0-, and 10.4-mm position s oj 
the stage, and with the 97X objective the counts were 
made at 9.6-, 9.7-, 9.8-, 9.9-, 10.0-, 10.1-, 10.2-, 10.3-. 
and 10-4-mm positions. 

After the intensity of fluorescence was measuired 
and the bacteria were counted, the averages of these | 
counts were multiplied by factors relating the «rea 
rendered by high magnification fields (43 or 97X ob- 
jectives) to that of the field observed with the low 
power magnification. The resulting data was recorded 
as the number of bacteria corresponding to the in- 
tensity of fluorescence. For the 43X objective a factor | 
of 22.4 was employed, while for the 97X objective the 
factor was 120. 

To compensate for procedural variations (for ex- 
ample, variations in the thickness and cleanliness of the | 
microscopic slides, in the age of the fluorochrome, and | 
so forth), the data of the intensity of fluorescence were 
converted into corrected intensity of fluorescence (CIF), 
which expresses the net 


intensity of fluorescence 
emitted from the bacteria. To calculate the CIF, the 
average value of the intensity of fluorescence for 
“blank” or bacteria-free areas was subtracted from 
the intensity of fluorescence recorded for microscopic 
fields in which the bacteria were present. 


{ESULTS AND Discussion 

Figure 2 
CIF emitted from B. globigii and the direct micro- 
scopic counts of these bacteria. The figure represents a 
composite of the data obtained from approximately 
five separate slides, stained and observed at various 
times. Similar relationships, although with  con- 
siderably lower values of intensity of fluorescence, 
were found with strains of 2. coli, S. marcescens, and 


M. phlei. 
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Fic. 2. The relationship between the corrected intensity of 


fluorescence and direct microscopic counts of Bacillus globigii. 
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Fig. 3. Linearity of response and the slope of straight lines of intensity of fluorescence emitted from B. globigii, E. coli, S. 


marcescens, and M. phlei. 


Figure 3 illustrates the linearity of response and the 
slope of the straight lines obtained with the various 
types of microorganisms. In order to obtain these 
straight lines, it was assumed that a relationship 
exists between the intensity of fluorescence and the 
concentration of bacteria and that this relationship is 
linear, that is, the intensity of fluorescence increases 
A number of addi- 
tional tests were performed to substantiate the linear 


directly with the concentration. 


representation of the phenomenon under study. These 
included a calculation of correlation coefficients for 
all four types of bacteria and of confidence limits for 
the coefficients. The results of these tests are not re- 
ported here as they are of no particular interest other 
than that they support the hypothesis of linearity. 

Table 1 represents the average values and standard 
deviations of CIF for B. globigit and EF. coli. In this 
table the bacteria were compiled in number groups of 
500 organisms per microscopic field. 

As shown in figure 3 and table 1, the intensity of 
fluorescence, the concentration of bacteria, and the 
size or area of the organisms are interrelated. This 
relationship is particularly pronounced when the data 
for B. globigit and FE. coli are compared. 

It can also be noted in table 1 that values of stand- 
ard deviations are spread over a wide range and there- 
by cause the CIF values to overlap each other at a 


TABLE 1. Average values and standard deviations of corrected 
intensity of fluorescence 
Corrected Intensity of Fluorescence 
Number of 


Bacteria per 
Microscopic Field 


Bacillus globigti Escherichia coli 


Average granny | Average =| Standard 

1-500 85 30 16 21 
500-1000 128 58 65 21 
1000-1500 180 14 90 27 
1500-2000 272 10) 118 36 
2000-2500 342 18 179 50 
2500-3000 366 519 184 34 
3000-3500 106 39 217 83 
3500-4000 151 47 238 30 


TABLE 2. Average values and standard deviations of corrected 
intensity of fluorescence 


Corrected Intensity of Fluorescence 
Number of Bacteria per Bacillus globigti 
Microscopic Field 


Average Standard deviation 


1-500 100 60 
500-1000 295 80 
1000-1500 440 80 
1500-2000 560 55 


given concentration of bacteria. This, in turn, intro- 
duces a serious error in the interpretation of the re- 
sults. As mentioned previously, several factors were 
found to influence the readings of the intensity of 
fluorescence emitted from bacteria; however, the main 
factor is probably the variation in the fluorescence of 
the blanks. 

It was observed during the experiments that some 
of the slides fluoresce more brilliantly than others, 
cause an increase in the fluorescence intensity of the 
blanks, and simultaneously decrease the intensity of 
fluorescence emitted from the bacteria. Indeed, con- 
siderable improvement in the uniformity of the results 
was achieved when a water-repellent material was sub- 
stituted for the conventional microscopic slides. This 
material was amber-colored rigid vinylite. Sheets of 
vinylite, 0.01 inch thick, were cut into strips of suit- 
able size and used in place of the standard microscopic 
slides. The amber color acted as a filter preventing 
the passage of ultraviolet light while permitting the 
orange fluorescence to pass through. Consequently, 
when the strips were used the surface containing the 
microorganisms was directed toward the condenser of 
the microscope instead of toward the objective. The 
use of the rigid vinylite slides enabled an even closer 
correlation between the CIF and the direct microscopic 
counts of bacteria (table 2). 
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SUMMARY 


A method is described for the quantitative estima- 
tion of bacteria by means of fluorescence microscopy. 
The method is based on the quantitative determination 
of intensity of fluorescence emitted from bacteria 
stained with the fluorochrome coriphosphine. For more 
uniform and reproducible results amber-colored rigid 
vinylite slides were substituted for conventional 
microscopic slides. 
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The introduction of antibiotics into foods has been 
suggested as a means of effecting preservation without 
altering natural characteristics. Anderson and Miche- 
ner (1950) were successful in canning several vegetables 
by the complementary action of mild heat treatment 
and subtilin. It was later shown that although subtilin 
has no sporostatic action, it is very effective against 
vegetative cells of Bacillus stearothermophilus (Miche- 
ner, 1953). In an investigation on the effect of subtilin 
on Clostridium botulinum and a putrefactive anaerobe 
ATCC 3679, it was found that the thermal resistance 
of spores of these organisms was markedly diminished 
in the presence of this antibiotic (Le Blane et al., 1953). 
Godkin and Cathcart (1953) reported that the growth 
of food poisoning strains of Salmonella and enterococci 
as well as the natural heat-resistant flora of custard 
filling was inhibited by the complimentary action of 
subtilin and terramycin. Goldberg et al. (1953), Gold- 
berg (1952) and Weiser and Goldberg (1953) have 
shown in a series of papers that Aureomycin is par- 
ticularly effective in preventing the spoilage of deep 
tissues of beef and that infusion of whole carcasses 
permitted storage at room temperature for several 
days without putrefaction. Aureomycin incorporated 
into ice has been used to preserve freshly caught fish 
(Boyd et al. 1953). Streptomycin was found effective 
in preserving mother’s milk (Bindewald, 1952). How- 
ever, Curran and Evans (1946a; 1946b), in studies on 


1 Article 15-54 of the Department of Dairy Technology. This 
study was supported in part by the Ohio Dairy Products Re- 
search Fund, Kenan Research Fund and by funds granted to 
The Ohio State University by the Research Foundation for aid 
in fundamental research. 

2 (Angelotti, Weiser) Dept. Bacteriology (Slatter, Gould) 
Dept. Dairy Technology, The Ohio State University, Co- 
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the activity of penicillin and streptomycin in relation 
to bacterial spores and the preservation of milk, found 
both of these compounds to be poor preservatives. 

A comprehensive review of the literature dealing 
with the role of antibiotics in dairy products has been 
compiled by Claybaugh and Nelson (1951) and from 
this it is clearly indicated that the presence of anti- 
biotics in milk markedly affects the growth and acid 
production of lactic acid starter cultures. However, the 
application of antibiotics for the control of lactic 
acid fermentations has received only limited attention. 
Before the practical application of this principle can 
be utilized, it is necessary to determine the influence 
of antibiotics upon the activity of both the desirable 
and undesirable microorganisms found in dairy 
products. 

The purpose of this investigation was to establish 
the effectiveness of available antibiotics in suppressing 
the growth of bacteria found in milk. 


¢XPERIMENTAL METHODS 

Screening procedure. A screening technique was em- 
ployed to determine which of the commercially avail- 
able antibiotics were most active against representa- 
tive organisms of the microflora of milk. 

The organisms used, media employed, conditions of 
incubation followed, and antibiotics tested are listed in 
table 1. The various organisms were cultivated in the 
appropriate liquid media and the broth suspensions 


aie Pan aaa aii 








were streaked on the surface of plates of the same 
media followed by placing three Bacto-Sensitivity 
Disks (increasing concentrations of antibiotic) on the 
streaked surface. The plates were incubated as speci- 
fied in table 1 for 24 hours or until growth occurred. 

At the end of this period the zones of growth in- 
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hibition were measured in millimeters across the 
diameters of the disks. A zone of inhibition surrounding 
the disk of the lowest concentration indicated that the 
test organism was sensitive, whereas resistant or- 
ganisms were unaffected by the highest concentration. 

Preliminary investigation that a single 
medium was not suitable for the cultivation of all the 
test organisms. Thus, three media were employed: (a) 
Tomato Juice Broth, (b) 50 per cent mixture of Bacto- 
Whey and Bacto-Micro Inoculum Broth, (c) Bacto 
Brain-Heart Infusion Broth. When these were used as 
plating media, 1.5 per cent agar was added. The com- 
position of Tomato Juice Broth is listed below.* 

The effect of antibiotics upon the growth of bacteria in 
mill. Although the technique described above deter- 
mines the effectiveness of many antibiotics against 


revealed 


single organisms, it offers no absolute basis for deter- 
mining the activity of the antibiotics when 
added to milk to suppress microbial growth. There- 
fore, the following procedure was used: 

To 125-ml Erlenmeyer flasks containing 48 ml of 
sterile skim milk (autoclaved 10 min), 1 ml of each of 
the antibiotics was added. One ml of sterile distilled 
water was placed in the control flasks in place of anti- 
biotic. The flasks were inoculated with 1.0 ml of a 
bacterial suspension to yield an inoculum of approxi- 
mately 20,000 organisms per ml. All samples were 
incubated at 37 C for 21 days. At intervals of 2, 4, 7, 
14, and 21 days plate counts were made from each 
sample employing the media listed in table 1. Through- 
out the 21-day period, daily observations were made 
on the physical condition of the milk samples and 
acid coagulation were in- 
dicative of spoilage. When spoilage occurred, counts 
were discontinued on these samples. 


same 


evidences of proteolysis or 


To obtain more detailed information, only repre- 
sentative species of the groups listed in table 1 (an- 
aerobes excluded) were employed. Both desirable and 
undesirable organisms for lactic acid fermentations 
were included as follows: 


Escherichia coli Streptococcus lactis 


Pseudomonas fluorescens Lactobacillus bulgaricus 


Bacillus subtilis Micrococcus pyogenes var. aureus 


The antibiotics tested for activity were Terramycin, 
bacitracin, Aureomycin, penicillin, and streptomycin. 
Dilutions of the antibiotics were prepared aseptically 
by injecting sterile distilled water into the vials and 
making further dilutions from these to give final con- 


‘Composition of Tomato Juice Broth 


OD ONE Se ee ee ee eee eT 10 g 
Bacto-peptonized milk Neeeseetc te ate iecsats Sie 10g 
Supernate from centrifuged salt-free dietetic tomato 

i RAMI cia rR CPUS cat guia us ciate Smee Stadt Satucs ire Nat Sral 400 ml 
UES S RGR oy net art Aa Aan Me or nearer Urea eevee Ge Tee 600 ml 
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TABLE 1. Experimental conditions for screening procedure 


Conditions of 


Organisms Medium ee 
Anaerobic | Aerobic 
Cc Cc 
Streptococcus lactis Bacto-Whey 30 
+ Micro- 
Inoculum 
Streptococcus liquefaciens Bacto-Whey 20 
+ Micro- 
Inoculum 
Streptococcus thermophilus | Bacto-Whey 45 
| + Micro- 
Inoculum 
Lactobacillus lactis Tomato Juice 37 
Broth 
Lactobacillus bulgaricus Tomato Juice 37 
| Broth 
Lactobacillus delbruckii Tomato Juice 37 
Broth 
Clostridium multifermentans BHI* 37 
Clostridium perfringens BHI 37 
Bacillus cereus BHI 37 
Bacillus coagulans BHI 37 
Bacillus subtilis BHI 37 
Escherichia coli BHI 37 
Aerobacter aerogenes BHI 37 
Proteus vulgaris BHI 37 
Pseudomonas fluorescens BHI 37 
Pseudomonas fragt BHI 37 
Alcaligenes viscosus BHI 37 
Micrococcus pyogenes var. BHI 37 
aureus 
Micrococcus pyogenes var. BHI 37 
albus 
Torula cremoris 


BHI 37 





* Brain Heart Infusion. 

Antibioties tested: Penicillin, 0.1, 1.0, 10 units/ml. Strepto- 
mycin, 10, 30, 60 ug/ml. Bacitracin, 2, 10, 20 units/ml. Chloro- 
mycetin, 10, 30, 60 ug/ml. Aureomycin, 10, 30, 60 ug/ml. 
Terramycin, 10, 30, 60 ug/ml. 


centrations of 60, 30, 10 and 1 ppm when added to the 
milk samples. 


RESULTS 


The results of the screening procedure are recorded 
in table 2 and the effects of the antibiotics on un- 
desirable bacteria in milk are presented in table 3. Of 
the six antibiotics employed, Terramycin, Aureomycin, 
and Chloromycetin are the most effective in sup- 
pressing the growth of the test organisms. 

These wide spectrum antibiotics also displayed the 
greatest effectiveness in preventing spoilage of milk 
samples inoculated with pure cultures of organisms 
considered to be either desirable (S. lactis, L. bul- 
garicus) or undesirable (EZ. coli, B. subtilis, and so 
forth), to lactic acid fermentations. 

Terramycin, Aureomycin, and streptomycin were 
all of value in suppressing the growth of the undesira- 
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TABLE 2. Antibiotic sensitivity of microflora of milk 
Antibiotics 
Organisms aoe 

Penicillin Streptomycin Bacitracin Chloromycetin Aureomycin Terramy: 
Aerobic sporulating rods +* ++++4 oie 3 =Beuee She ees otek: 
Anaerobic sporulating rods + + aa. SuTree Aeddesdod: Ere 
Gram negative bacilli = ce eae = ‘Eee a cae 
Micrococci ++++ +++ +++ +++ +++ +++ 
Milk streptococci > 4 eo SESE eee Biota 
Lactobacilli ++ + Tee Cea e re aes rig are 
Yeast _ oa = a = = 


*+ through ++++ = Graded susceptibility from partial to complete sensitivity. 


+ — = Complete resistance. 


ble types of organisms. Differences in activity among 
the three antibiotics were not significant. 

Bacitracin caused slight inhibition of the undesira- 
ble types and penicillin was of value only against the 
micrococcus. 

Penicillin was the most effective antibiotic in sup- 
pressing the growth of the desirable lactic acid cul- 
tures. A concentration of 1 ppm reduced the population 
of these samples to a point not detectable by plate 
count and growth did not occur throughout the 21-day 
incubation period. 

Terramycin was either inhibitory or bactericidal to 
the lactic acid cultures depending on concentration. 


Lactobacillus bulgaricus was killed at 30 ppm, sufli- 
ciently inhibited at 10 ppm to prevent acid coagula- 
tion, and acid production was retarded by 1 ppm. 
Streptococcus lactis, by comparison, was killed at 10 
ppm and retarded by 1 ppm of Terramycin. 
Streptomycin, Aureomycin, and bacitracin, respec- 
tively, showed diminishing effects upon L. bulgaricus. 
S. lactis was strongly inhibited by Aureomycin and 
bacitracin but only mildly affected by streptomycin. 


DiIscUSSION 


All of the antibiotics investigated affected lactic 
acid starter cultures but Terramycin, Aureomycin, and 


TaBLeE 3. The effect of antibiotics upon the growth of undesirable bacteria in milk* 


Days of Incubation 





Antibiotic = = = = 
oo Escherichia coli Pseudomonas fluorescens Micrococcus pyogenes ‘var. aureus | Bacillus subtilis 
2 4 7 14 21 2 + 7 14 | 21 2 4 7 14 21 2 4 7 14 | 21 
Penicillin 0 | 10007, Rt 300 R 105 137 20 89 26 1.25 R 
] | 620 R 290 R 0 0 0 0 0 142 R 
10 600 R 350 R 0) 0 0 0 0 0.79 R 
30 | 660 R 300 OR 0; 0! 0. 0} 0 |0.03| R 
60 | 0 0 0 0 0 300 R 0 0 0 0 0 | 0 0 0;0;0 
Streptomycin 0 300) 1360. R 160 R 221 300 R 12:7 R 
1; 300, 1130) R 138 R 190 201 300 3 | 2.6 | 2 R 
10 300 1090-840 R 129 30 R 189 150 31 3 | 0.45 | 2.7 .84|R 
30 0 0 0 0 0 | 204 30 R 14.3 118 29 | 0.3 | 0.25 0 0 0;0;0 
60 0 0 0 0 0 200 30 R 0.02 | 3.9 2.9 | 0.03) 0.03 0 0 0;0;0 
Bacitracin 0 640 990 364 3 0 35 R 95 90 85 1.8 | 0.08 | 0.3 R 
1 500 «1160-189 3 0 26 R 26 400 300 65 | 0.98 | 0.3 R 
10 800 960 | 300 3 0 50 R 5 16 8.1 4.5 | 3.8 0.3 R 
30 490 230 30 3 0 | 12.6 R 0.003 2.5 2.6 441-6.1 0.3 R 
60 810 300 30 3 0 5.7 R 0 0 0 0 0 0.3 R 
Aureomycin 0 300 800 810 | 300 | 300 30 R 81 268 135 | 30 | 5.4 | 0.3 R 
1 1040 300 | 290 300 | 300 9 R 0.004, .0004, .0003, 0 0 0 0 0;:0;0 
10 265 300 | 161 30 | 290 17 R 0.003, .0005) .0003) 0 0 0 0 0;0/0 
30 3 48 | 106 | 231 | 295 | 200 R 0.003, .0004, .0003) 0 0 0 0 010/90 
60 | 0.036 3 30 28 300 149 R 0.003 .0005) .0003, 0 0 0 0 0 0 0 
Terramycin 0 660 1160 30 3 0 73 1160 | R 107 296 R 1.8 3 IR 
] 52 67 3 3 0 480 1600 RR 0.003, 0 0 0 0 0 0;0/0 
10 0.03 | 0.011 0 0 0 | 3000 1450  R 0.003, 0 0 0 0 0 0;0;0 
30 0.03 | 0.012 0 0 0 0.65 | 0.3 R 0.003; 0 0 0 0 0 0/;0;0 
60 0.033) 0.007 0 0 0 0 0 R 0 0 0 0 0 0 0;0);0 








* Plate counts represent average values of duplicate trials and are expressed as number of organisms/ml X 10°. 
+ R = These samples were removed from the experiment because spoilage (proteolysis or coagulation) occurred. 
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penicillin were of particular interest because they 


immediate reduction in numbers of  or- 


ganisms followed by an inhibition of growth and acid 


caused an 


production. Thus, the addition of any of these to a 
fermentative process for the purpose of eliminating 
contaminants would result in a product of poor quality. 
However, the possibility exists that antibiotic-resistant 
starters could be developed which would permit the 
use of antibiotics in dairy fermentations, and, thus, 
undesirable contaminants could be effectively elimi- 
nated without altering the resultant product of the 
The fact that 
to certain antibiotics was advantageously 
used by Strandskov and Bockelman (1953) to eliminate 


fermentation. yeasts are naturally 


resistant 


gram negative contaminants from beer fermentations 
by incorporating polymyxin into the pitching yeast. 
The results obtained in this investigation suggest the 
possibility that Terramycin, Aureomycin, and strepto- 
mycin can be used in conjunction with resistant 
starter cultures to control lactic acid fermentations. 

Preliminary studies are in progress which indicate 
that lactic acid starter cultures can be produced which 
are resistant to the wide spectrum antibiotics. 


SUMMARY 

A study was made to test the effect of penicillin, 
streptomycin, bacitracin, Aureomycin, and Terramycin 
on the microflora of milk. Aureomycin, Terramycin, 
and streptomycin had the greatest effect in suppressing 
the growth of the bacteria investigated, whereas 
bacitracin and penicillin displayed a narrow antibac- 
terial spectrum. 
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Previous investigators (Bull et al., 1948) have de- 
scribed the use of an alcohol-soluble nylon film in 
surgical dressings. The film was waterproof yet water- 
vapor permeable, and served as a barrier against bac- 
terial microorganisms. These properties, as well as the 
abrasion resistance of nylon films, were of great in- 
terest to this laboratory, and an alcohol-soluble nylon, 
FM-6501,' was used with excellent results to coat 
leather prostheses worn next to the skin by amputees 
(Leonard et al., 1953). 

During the latter investigation it was observed that 
although alcohol solutions of nylon suitable for brush- 
ing, spraying, and casting could be readily prepared, 
the solutions gelled after a few days. While the nylon 
could be redissolved by reheating the gel, the solution 
again gelled after a short period. This behavior is not 
at all unusual for polar type polymers in certain sol- 
vents and indicates that polymer-polymer contacts 
are preferred to polymer-solvent interactions. 

A study was initiated at this laboratory to investi- 
gate the possibility of stabilizing the solutions. It was 
found that when substances capable of hydrogen bond- 
ing with nylon were added to the alcohol solutions, the 
nylon could be caused to remain soluble for periods 
ranging from 1 to 3 months. Examples of substances 
which stabilize the solution are phenol, pyrogallol, 
lactic acid, 2,2’-dihydroxy-3 ,5,6,3’,5’ ,6’-hexachloro- 
diphenylmethane (hexachlorophene),? p-hydroxyben- 
zoic acid esters (parasepts)*’ and 2,2’-thiobis 
(4,6-dichlorophenol) (actamer).4 In as much as these 
substances are essentially nonvolatile, it is probable 
that either in spraying or in casting nylon films from 
solutions containing the additives they would be in- 
corporated in the film matrix. Because the nylon film 
would be in intimate skin contact for prolonged periods 
in the intended application, the additive chosen must 
of necessity not cause dermatitis. Of the gelation in- 
hibitors tested, hexachlorophene appeared to be a 
good choice as an additive because of its acceptance in 
commercial products such as surgical soaps, deodor- 
ants, and shaving creams. 

Although incorporation of agents in rubber and some 
textiles has produced a material exhibiting bacterio- 


static properties (Engel, 1941; Engel and Gump, 


1. I. du Pont de Nemours & Co., Wilmington, Delaware. 
2 Sindar Corporation, New York, N. Y. 

3 Heyden Chemical Corporation, New York, N. Y. 

* Monsanto Chemical Company, St. Louis, Mo. 
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1941), the number of such combinations is limited. It 
was, therefore, of interest to determine whether nylon 
films containing additives such as_ hexachlorophene 
would exhibit bacteriostatic qualities. 


=XPERIMENTAL METHODS 


The nylon solutions were prepared by dissolving 20 
g of FM-6501 nylon pellets and variable quantities of 
bacteriostatic agents in a solution consisting of 30 ml 
of distilled water and 170 ml of isopropyl alcohol, at 
approximately 70 C, in a 3-neck flask fitted with a 
stirrer and reflux condenser. During the course of the 
experiments, a new type of soluble nylon designated 
DV-55' was obtained. Although this material did not 
require stabilizing additives, it, too, was compounded 
with bacteriostatic agents and its bacteriostatic prop- 
erties studied. Solutions for compounding with the 
bacteriostatic agents were made up of 10 g DV-55, 70 
ml ethanol, and 30 ml water. 

To prepare nylon-coated leather, samples of chrome- 
tanned horsehide were first swabbed with ethanol and 
then brush-coated with three to five coats of nylon 
solution. The samples were permitted to dry between 
coats and, after the final coat, placed in a circulating- 
air oven at 50 C for several hours. Samples shown in 
figures 3 and 4 were further dried for four hours in a 
vacuum oven at 50 C to remove all possible traces of 
alcohol. Unsupported nylon samples were made by 
spraying the nylon solution on glass plates, drying at 
50 C for several hours, and peeling off the dried films. 
Incorporation of hexachlorophene in the nylon pro- 
duced a material less stiff than uncompounded films, 
having the action of a plasticizer. The plasticizing 
effect was retained after one year of storage. No exuda- 
tion or spewing was observed. 

The test procedure for bacteriostasis consisted of 
inoculating 0.1 ml of a 24-hour veal infusion broth 
culture of Micrococcus pyogenes var. aureus (Staphylo- 
coccus aureus) into Petri dishes. Veal infusion agar 
was then added to each dish, mixed, and allowed to 
solidify. The leather and plastic samples were cut into 
1.5-em squares and placed in the Petri dishes. The 
plates were incubated at 37 C for 24 hours. 


RESULTS 


Figure 1 illustrates the bacteriostasis exhibited by 
the nylon films containing hexachlorophene. Samples A 
to E are leather brush-coated (5 coats) with the nylon 
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BACTERIOSTATIC NYLON FILMS 


Fic. 1. Inhibition of growth of Micrococcus pyogenes var. aureus by nylon compounded with hexachlorophene (G-11). Top row— 
leather given five coats of nylon FM-6501, compounded with: A, no G-11; B, 3 parts G-11 (based on 10 parts nylon); C, 5 parts G-11; 
D, 10 parts G-11; E, 10 parts G-11 (3 coats). Lower row—unsupported nylon film: F, no G-11; G, 3 parts G-11; H, 5 parts G-11; 


I, 10 parts G-11. 


solution containing: A) no hexachlorophene (G-11); 
B) 3 parts hexachlorophene per 10 parts nylon; C) 5 
parts hexachlorophene per 10 parts nylon; D) 10 parts 
hexachlorophene per 10 parts nylon; E) 10 parts 
hexachlorophene per 10 parts nylon (3 coats). It is 


noted that as the concentration of hexachlorophene 
increases the zone of inhibition increases, and that 
three brush coats with the most concentrated hexachlo- 
rophene solution appear to be equally as effective as 
five brush coats. Samples F to I illustrate the bae- 


Fic. 2. Tests on nylon-coated leather after aging 9 months: left, 5 parts (hexachlorophene) G-11; right, 10 parts G-11. 
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Fig. 3. Inhibition of growth of Micrococcus pyogenes var. aureus by leather coated with a nylon solution compounded with bac 
teriostats: 1) Nylon FM-6501 and 5 parts recrystallized hexachlorophene (G-11); 2) Nylon FM-6501 and 5 parts of dichlorophene 
(G-4); 3) Nylon FM-6501 and 5 parts methyl parasept; +) Nylon FM-6501 and 5 parts propyl parasept; 5) Nylon DV-55 and 5 parts 
methy! parasept; 6) Nvlon DV-55 and 5 parts propyl parasept; 7) Nylon DV-55 (no additive); 8) Nylon FM-6501 (no additive). 


teriostasis of unsupported nylon films containing 0, 3, 
5, and 10 parts of hexachlorophene per 10 parts of 
nylon. The same trends are noted as with the nylon- 
coated leather. The leather samples, brush-coated 
with solutions containing 5 and 10 parts of hexachlo- 
rophene per 10 parts nylon, were resubmitted for 
bacteriostatic after 9 months of The 
results are shown in figure 2, and it may be observed 


tests storage. 
that both samples exhibited bacteriostasis approxi- 
mately equal to that of the freshly prepared films. 
Having the feasibility of 
films by employing hexachlo- 
rophene, it was decided to investigate other com- 
mercially available bacteriostatic agents to determine 
whether they, too, would exhibit this property when 
incorporated in nylon films. Accordingly, a study was 


determined preparing 


bacteriostatic nylon 


TABLE 1. Inhibition of bacterial activity (Micrococcus 


pyrogenes var, aureus 


Sample Nylon Type g coat hpmeray moe Zone of Inhibition 
we 
l FM-6501  Reerystallized hexa- | 3 
chlorophene, 5 
2 FM-6501 | Dichlorophene, 5 2 to 3. partial 
inhibition 

3 FM-6501 Methyl parasept, 5 None 

} FM-6501 | Propyl parasept, 5 I 

5 DV-55 Methyl parasept, 5 None 

6 DV -55 Propyl parasept, 5 None 

7 DV-55 None None 

8 FM-6501 None None 


made of propyl parasept, methyl parasept, dichlo- 
rophene, and hexachlorophene recrystallized from 
toluene for improved color and purity, and actamer. 
The results are shown in figure 3 and summarized in 
table 1. It may be pointed out that the results ob- 
tained do not necessarily reflect a higher specific bac- 
teriostatic activity of hexachlorophene and_ dichlo- 
rophene over methyl and propyl parasepts, but only 
their effectiveness in combination with nylon. Factors 
such as rate of diffusion of the additive within the 
nylon matrix, or from the surface of the nylon film 
through the nutrient material, as well as the anti- 
microbial activity of the additive itself, determine 
the properties of such combinations. 

Figure 4 illustrates the effect of 2 parts actamer 
(Sample G) and 1 part actamer (Sample H) per 10 
parts nylon compared to 10 parts hexachlorophene per 
10 parts nylon (sample M) on Micrococcus pyogenes 
var. aureus. The sample containing hexachlorophene 
was aged 11% years before testing. Sample I contained 
no additive. The results are summarized in table 2. 
It may be observed that 2 parts actamer per 10 parts 
nylon is equally as effective as 10 parts hexachlo- 
rophene per 10 parts nylon in preventing growth. 

Hexachlorophene was studied further as a fungistat, 
using Aspergillus niger cultured on potato-dextrose 
sugar. The observation was made that nylon-coated 
leather per se exhibited a high degree of fungistatic 
activity (80 to 90 per cent) with very little fungus 
growth noted on the sample during three days of ob- 
servation. A chrome-tanned leather sample coated 
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Fig. 4. Inhibition of growth of Micrococcus pyogenes var. aureus on leather coated with nylon (FM-6501): G) 2 parts actamer; 


H) 1 part actamer; I) 


TABLE 2. Inhibition of bacterial activity (Micrococcus 


pyroge nes var. aureus) 


Camnto NI . ae Additive Concentration Zone of 
Sample No. Nylon Type Parts /10 parts Nylon Inhibition 
mm 
G FM -6501 Actamer, 2.0 5 
H FM-6501 Actamer, 1.0 2 
I FM -6501 None None 
M FM -6501 Hexachlorophene, 10.0 5 


With nylon containing hexachlorophene showed no 
perceptible fungus growth on the sample, with dense 
growth occurring on the rest of the plate surface. Tests 


no additive; M) 10 parts hexachlorophene G-11 (aged 1.5 vears). 


were aso conducted on unsupported nylon film, and 
it was found that for nylon film containing no additive 
a rather heavy growth occurred on the sample after 
three days of observation; whereas, for the nylon 
samples containing hexachlorophene 70 to 80 per cent 
inhibition of growth was noted. These data indicate 
that hexachlorophene shows some fungistatic activity, 
and it appears that chrome-tanned horsehide alone 
may also have a salutary effect. 


CONCLUSIONS 


Bacteriostatic nylon coatings may be prepared by 
incorporation of bacteriostatic agents in the coating 
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solution. Such agents also enhance the stability of 
certain nylon solutions. All bacteriostatic agents are 
not effective when dispersed in the plastic matrix. 
Each specific combination must be tested. Those 
found to be bacteriostatic may have useful applica- 
tion in surgical dressings for wounds or burns, pack- 
aging, or for painting areas which must be kept free of 
bacterial activity. It is possible that further investiga- 
tion may produce bacteriostatic synthetic fibers for 
cloth in which this property will be of value. 
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SUMMARY 
Hexachlorophene, propyl parasept, and actamer im- 
parted bacteriostatic activity to nylon coatings. These 
agents also enhanced the stability of nylon solutions. 
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In spite of the accepted and extensive use of the 
guinea pig for evaluating diphtheria toxins, there have 
been certain limitations in the use of this animal in 
control testing and standardization. Healthy pure- 
bred strains of guinea pigs in adequate numbers are 
often difficult and costly to obtain. Further, with the 
use of animals of heterogeneous stock, such as those 
generally available, differences in susceptibility of the 
guinea pigs are often encountered. 

In recent years, Frobisher (1940) and Frobisher et 
al. (1942) used the chick for testing toxicity of diph- 
theria cultures. Following this work, Diesendruck 
(1946) made a careful quantitative study of diphtheria 
toxin in chicks and suggested the use of the chick as a 
test animal. Branham and Wormald (1954) reported 
the satisfactory use of the 7- to 8-day-old chick for 
titration of diphtheria antitoxin. They found the 
guinea pig MLD of diphtheria toxin and the chick 
LDm (median lethal dose) to be nearly the same. In 
view of these facts it was decided: to investigate 
factors involved in the variability of guinea pigs; to 
make parallel studies in chicks to ascertain their suita- 
bility for use in the evaluation of Diphtheria Toxin 
for the Schick test; and to compare results obtained in 
chicks with the older, widely used guinea pig test. 


MATERIALS AND METHODS 


The toxin used most extensively in this study was a 
matured toxin designated as 2562.1 This toxin was 
diluted for use in a phosphate buffered physiological 
saline solution of pH 7.0 containing 0.2 per cent 
gelatin. Repeated tests in guinea pigs showed 1 MLD 
(0.0055 ml toxin) to be contained in 5 ml of a 1:900 
dilution. The definition of the MLD dose here used 
was based as nearly as possible on that given in the 
NIH Minimum Requirements for Diphtheria Toxin for 
the Schick Test (National Institutes of Health 1948): 
“the MLD value of a diphtheria toxin is the smallest 
volume of toxin which when injected subcutaneously 
will cause death of all animals injected, with at least 
75 per cent of deaths taking place between 72 and {6 
hours.”’ All test doses were injected subcutaneously 
into guinea pigs and intraperitoneally into chicks in 5- 
ml amounts. The syringes with needles for injection 
were carefully calibrated to insure delivery of a uni- 
form volume. 

The test animals were 8-day-old chicks, chiefly 
White Rock, weighing 45 to 80 g, which were found to 


1 Toxin supplied through the courtesy of Lederle Labora- 
tories, Pearl River, New York. 
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GUINEA PIG AND CHICK IN SCHICK TEST 


TABLE |. Response of guinea pigs according to strain and sex following 


Strain Sex ba ho 

i 48 72 96 
Hartley Male 57 1 32 10 
Female 18 2 15 13 
Beltsville Male 44 12 18 6 
Female 39 6 9 14 
Hybrid Male 35 3 11 11 

Female 31 3 


9 11 


injection of one MLD of Schick toxin 2562 


Number of Guinea Pig Deaths 


_ ot Median 

Death 

Death time (hr) Time* 
7 : _ _ * (hr) 

120 144 168 192 216 240 

9 2 1 1 1 0 65 
5 8 5 0 0 0 82 
3 4 0 1 0 0 58 
6 1 0 1 1 1 85 
4 5 1 0 0 0 77 


5 3 0 0 0 0 80 


* Median death time is the number of hours at which time one-half the total number of guinea pigs died in each group. 


tolerate a 5-ml dose well. They were weighed, banded, 
and distributed in groups of 9 or 10 for injection. The 
guinea pigs were from the Hartley, Beltsville, and 
Hybrid strains bred at the National Institutes of 
Health and were carefully selected according to sex 
and weight range for injection in groups of 8. They 
were 25 to 40 days old and weighed 220 to 320 g. 

Following injections of toxin, the animals were 
observed at 2- to 4-hour intervals and times of death 
were recorded. The median and average times of death 
in hours were calculated for each group. Although 
these two figures were approximately the same, the 
average time tended to be somewhat higher than the 
median death time (Tm) because of the delayed death 
of an occasional animal. Necropsies were performed on 
all guinea pigs for observance of characteristic diph- 
therial response. 

RESULTS 

Guinea pigs. During preliminary trials to establish 
the MLD of the Schick toxin considerable variation 
was noted in individual death times among hetero- 
geneous guinea pigs of the same weight range. Hence, 
it seemed advisable to study the influence of strain, 
sex, and weight in response to 1 MLD of toxin to 
determine whether a more constant pattern of response 
could be obtained. A total of ten experiments was 
conducted in which two hundred and fifty-four care- 
fully selected guinea pigs were given 1 MLD of the 
Schick toxin. Table 1 shows a summary of the deaths 
as they occurred according to strain and sex. 

The spread of death time ranged from 48 to 240 hr. 
On the basis of the median death time and other data 
shown the following facts were apparent: 1) Hartley 
and Beltsville male guinea pigs were more sensitive to 
1 MLD toxin 2562 than their female counterparts; 
2) Beltsville male guinea pigs were more sensitive to 
the toxin than male guinea pigs of either the Hartley 
or Hybrid strains; 3) there was no significant variation 
in response to toxin between Hybrid males and fe- 


males; and 4) finally, there was no difference in time 
of death among the females of any of the strains used. 

In as much as Schick toxins manufactured in this 
country are evaluated on the basis of lethal responses 
in uniform size guinea pigs, for example, 250 g animals, 
the relationship of guinea pig weight to rapidity of 
lethal response to 1 MLD of Schick toxin was next 
considered. A reevaluation of the test data, sum- 
marized in table 1, showed that the guinea pigs ranged 
from 220 to 320 g with 70 per cent of them weighing 
260 to 280 g. On the basis of the data obtained no 
significant pattern of response was found related to 
any specific animal weight group within a 10 to 20 g 
differential. 

To determine whether the normal sensitivity of the 
Beltsville strain of guinea pig indicated above might 
be peculiar only to toxin 2562, a strain and sex com- 
parison was made with other toxins. Six commercial 
Schick toxins were injected into groups of eight guinea 
pigs of the Hartley and Beltsville strains. A summary 
of the results is shown in table 2. With each toxin, 
death occurred more rapidly in the Beltsville male 
guinea pigs than it did in the Hartley females as 
evidenced by a comparison of the average and median 
death times. These results are in agreement with the 
previous data concerning the sensitivity shown by the 
male guinea pigs of the Beltsville strain to toxin 2562. 


TABLE 2. Comparative toxicity of commercial Schick toxins in 
different strains of guinea pigs 





Hartley Females Beltsville Males 








hei Average Median Average Median 
| death time death time death time death time 

ae - hr hr hr hr 

A | 73 73 60 58 

B | 85 80 64 | ~~ 64 

C 111 115 90 | 86 

D | 69 660 CO} CA] SCO 

E | 85 | 74 66 | 61 

F 85 82 76 63 


244 


” 
x 
V 
x 
U 
uw 
ce) 
fea 
ul 
ra) 
= 
> 
z 





Jb 
ee famis ate ome (iii: (atl eas Hie as aac fuel aie aia ee a a ak a | i a 










TOXIN 2562, 108 CHICKS + 
—--=— TOXIN G, 103 CHICKS 4 


= 








2024 26 32 36 40 44 +46 
HOURS TO DEATH 


74 76 


Fic. 1. Distribution curves showing time of death of indi 
vidual chicks given two Schick toxins (1 MLD/chick). 


Chicks. In undertaking studies to determine the 
practicability of using the chick for assaying Schick 
toxins by means of the direct lethal test method, it was 
necessary to establish criteria for measuring the re- 
sponse of the chick to these toxins. In earlier studies 
with diphtheria antitoxins Branham and Wormald 
(1954) adopted a median death time of 24 hours in 
the chick as the endpoint for the diphtheria toxin used. 

Experiments were performed with chicks in which 
one hundred and eight chicks were given Schick toxin 
2562 and one hundred and three were given a com- 
mercial Schick toxin G. In a distribution curve, figure 
1, the death times in hours are plotted individually 
against the number of chicks dying at that time. With 
both toxins the peak of deaths occurred at 22 hr after 
injection. Most of the deaths occurred between 16 
and 30 hr’. 

In supplementary tests, 10 other commercial Schick 
toxins and the toxin 2562 were given intraperitoneally 
to groups of nine chicks 
death (Tm) and average death time were calculated 
for each group. Table 3 shows the Tm to lie between 
19 and 28 hr and the average death time to fall be- 
tween 21 and 31 hr. The results obtained 
promising though the numbers of chicks used were 
small. 


ach. The median time of 


seemed 


The regularity in the results of these tests suggested 
that the sensitivity of chicks to variations in amounts 
of toxin should be checked. Groups of chicks were 
given toxin 2562 in three dilutions; 1:900 containing 1 
MLD in the 5-ml dose, and 1:1000 and 1:1100 con- 
taining less than 1 MLD in that volume. Equal num- 
bers of animals were given each dilution on every 
injection day so that the results would be comparable. 

2 When these same data were plotted as cumulative curves, 


the Tm was found to be at 21 and 22 hr respectively for Schick 
Toxins 2562 and G. 
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[vou 3 


TasB_e 3. The median and average death times of chicks siven 


various Schick toxins 


Toxin Tm (Median Death Time), Average Death Time 
hr hr 
2562 21 27 
G 23 24 
H 19 24 
I 28 27 
J 24 25 
K 19 21 
L 27 27 
M 27 27 
N 21 24 
O 27 24 
yy 27 31 
Average 26 28 


Figure 2 shows the cumulative mortality curves ob- 
tained with 100 chicks on each dilution. The median 
point, ‘I'm, fell at 21, 28, and 30 hr for dilutions 1:900, 
1:1000 and 1:1100 respectively. With the 1:1100 
dilution 10 chicks either died later than 48 hr or sur- 
vived. 

There are indications that the chick assay would 
detect a 10 per cent difference in amounts of toxin. 
The curves in figure 2 are necessarily influenced by the 
intermittent manner in which chicks were observed, 
causing a measurement error in time of reading. There 
is a 7-hr difference between the Tms of 1:900 and 
1:1000, but only a 2-hr difference between those of 
1:1000 and 1:1100. In table 5, where larger numbers 
of chicks are shown, the difference in Tm of 1:900 and 
1:1000 is only 5 hr. Larger groups of chicks, smaller 
intervals of time recorded, and inclusion of a reference 
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Fic. 2. Cumulative mortality curves obtained with chicks 
given different dilutions of Toxin 2562. 
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TABLE 


t, Distribution of median death time (I'm) tn 102 groups 
of 9 chicks that received 1 MLD of diphtheria toxin 2562 


Calculated at 2-Hr Intervals Calculated at 4-Hr Intervals 


Im Cumula Cumula 
No. of Per cent tive per No. of Per cent | tive per 
groups of groups | cent of groups | of groups | cent of 

groups groups 

IS | 3 2.9 2.9 

20 14 13.7 16.6 17 16.7 16.7 

22 22 21.6 38.2 

24 20 19.6 57.8 42 41.1 57.8 

26 20 19.6 77.4 

28 9 8.8 86.2 29 28.4 86.2 

30 7 6.9 93.1 

32 3 2.9 96.0 10 9.8 96.0 

3 0 0.0 96.0 

36 2 2.0 98.0 2 2.0 98.0 

38 l 1.0 99.0 

10) l 1.0 100.0 2 2.0 100.0 

Total 102 100 100 102 100 100 
standard would aid in minimizing those irregularities 


and clarify the results of these differences in dilutions. 

Schick toxins are commonly prepared in a variety 
of diluents with such substances as gelatin, glycerine, 
borates, and phosphates added to a saline base as 
stabilizing agents. It seemed desirable to compare 
several of the more commonly used diluents in order 
to determine how important a factor they might be 
in the chick assay of Schick toxins. Toxin 2562 was 
diluted 1:900 with each of four diluents on every test 
day. Equal numbers of chicks were given each sample 
until 100 chicks had received each diluent. The Tms 
with all four diluents fell between 23 and 25 hr. Such 
differences were not significant. 

In figures 1 and 2 the chicks have been plotted in- 
dividually. During the course of this study of Schick 
toxins approximately 1200 chicks were included. At 
least 900 of these were given an amount of toxin known 
to be equivalent to one guinea pig MLD, and they 
were as a rule handled in groups of 9. The average Tm 
for these groups was 23.3 hr. Table 4 presents the 
distribution of the median death times of 102 groups 
of 9 chicks. 

Comparative responses in chicks and guinea pags. 
Finally, a comparative study was made of the lethal 
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responses obtained in chicks and guinea pigs follow- 
ing parallel injections of 5-ml amounts of the selfsame 
dilutions of Schick toxin 2562. Table 5 shows a sum- 
mary of the results obtained and demonstrates that 
as the concentration of toxin is decreased the death 
time increases. Similarly this pattern of response was 
reflected by the average and median death times. The 
ratio of maximum to minimum time of death with 
each dilution was consistently 4 to 5 in the chick and 
6 in the guinea pig. Further, it is shown that the chick 
died considerably earlier than the guinea pig. 
DIscUSSION 

Ever since Von Behring (1890, 1892, 1894) and 
Ehrlich (1897-98) introduced the toxic dose and the 
minimum lethal dose (MLD) for evaluating diphtheria 
toxin the guinea pig has been used extensively as the 
test animal in standardization. The extreme sensitivity 
of this animal to diphtheria poisoning led to its present 
use in the control evaluation of commercial Schick 
toxins. However, the problem of biological variation 
has confronted workers concerned with standardiza- 
tion and control work. 

Variations in guinea pigs have long been noted and 
have been discussed in some detail by Glenny (Medical 
Research Council 1931). Such factors as individual 
animal response, seasonal variation, relationship be- 
tween fatal dose and weight of guinea pigs, differences 
in technique of testing and heterogeneity of breeds 
have been reported as responsible for this variation. 
In the studies reported in this paper, it has been shown 
that the lethal responses were quite widely spread 
even though homologous strains and sexes of guinea 
pigs were used. However, it was demonstrated that 
both strain and sex of guinea pigs played a more im- 
portant role in lethal response than did weight within 
the range used. It is important that guinea pigs used in 
evaluating toxins should be homogeneous in strain or 
sex if their responses are to be comparable. These 
findings may help to explain some of the variation 
frequently encountered in the testing of Schick toxin. 

The readily available and inexpensive chick has been 
shown to be a reliable animal for evaluation of diph- 
theria toxin. Although White Rock chicks have been 
used in most of the experiments described in this 


TABLE 5. Comparison of guinea pig and chick responses to varying doses of Schick toxin 2562 


Guinea Pigs 
Amount Toxin 


Dilution 
' Injected 


No Max and min Average de 
, death time 
m hr hr 
1:900* 0.0055 254 39 to 234 83 
1:1000 0.0050 160 56 to 335 131 
1:1100 0.0045 Not tested 


* 1:900 dilution equivalent to 1 MLD dose toxin. 


time 


+ In figure 2 only 100 chicks are represented with dilution 1:900 and the Tm was 21 hours. 


Chicks 
»ath = Median death N Max and min Average Median death 
time aes death time death time time 
hr hr hr hr 
75 900 15 to 65 25 237 
119 100 16 to 70 30 28 
100 20 to 106 36 30 
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paper, experience of Diesendruck (1946) and that of 
Branham and Wormald (1954) indicates that most of 
the heavier breeds such as New Hampshire Reds, 
Rhode Island Reds, and Plymouth Rocks are suitable. 
Diesendruck chiefly used Barred Rocks, and reported 
that very light breeds such as Leghorns were not satis- 
factory. 

The recommended guinea pig dose for Schick toxin 
of 1 MLD in 5-ml volume of diluent has been readily 
absorbed by the 7- to 8-day-old chick when given in- 
traperitoneally. Symptoms usually began to appear 
about 12 to 16 hr after injection. Paralysis developed 
rapidly and the peak of deaths was usually between 
22 to 26 hr. Most of the chicks were dead by the 48th 
hr. Because of the occasional late death or rare sur- 
vival, the median time of death has been found to be 
a more reliable endpoint than the average death time. 
This median death time designated by Branham and 
Wormald as Tm represents an endpoint similar to 
that obtained by the calculated LD5o. This Tm with 
Schick toxin (1 MLD in 5 ml) has been found to be 
approximately 24 hr, whether the group of chicks 
tested be 9, 90, or 900 (as shown in figures 1, 2 and 
tables 3, 4, 5). It may be stated, therefore, that 1 MLD 
in 5 ml intraperitoneally should cause the death of one 
half of a group of 7- to 8-day-old chicks (45-80 g) in 
approximately 24 hr. 

The foregoing data have indicated that guinea pig 
variation has been a disadvantage in the use of this 
animal for the evaluation of Schick toxins. However, 
it has been shown that this variation can be controlled 
by attention to such factors as strain and sex homo- 
geneity of the animals. 

In the specific application of either the guinea pig 
or chick to the assay of Schick toxins, by the direct 
lethal method, certain differences in response of these 
animals are evident. While differences in the route of 
injection may influence the rapidity of lethal response 
between these animals, other factors must be taken 
into consideration in comparing their efficacy and 
response. The fact that the guinea pig has been widely 
and successfully used over the years emphasizes its 
value as a test animal. Further, it has been shown 
(table 5) that the 220- to 320-g guinea pig exhibited 
more sensitivity weight for weight to a given Schick 
toxin dose than did the 45- to 80-g chick since the MLD 
was approximately the same for both animals. In addi- 
tion, a four-day lag period in death time, usually 
produced by a subcutaneous injection into the guines 
pig, may be considered an advantage with regard to 
the ability to follow symptomatically as well as path- 
ologically at autopsy the various stages of diphtherial 
poisoning that occur. Further, this fact enables one to 
establish that death was not due to intercurrent in- 
fections that are often undetectable through gross 
observations in these animals. 
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In addition to the uniformity of response to Sel ick 
toxin there are several other advantages to be gai ed 
in the use of the chick. In contrast to the guinea pig, 
chicks are quite inexpensive and are readily availa le, 
There seems to be less of a strain difference among the 
heavier breeds of chicks than was evidenced in the 
guinea pigs, as well as a smaller variation in suscepti- 
bility among individual chicks in the given weight 
range. Whereas approximately four days are required 
for completion of the guinea pig test, the experiment 
with chicks is usually finished in 48 hr. The syndrome, 
evidenced in the chick chiefly by a rapidly developing 
paralysis, precludes the following of the course of 
intoxication, symptom by symptom, as is produced 
in the guinea pig. The objective findings such as 
edema, necrosis, and hemorrhagic adrenals have not 
been noted at autopsy in the chick. 

From the results obtained in this study, it appears 
that chicks as well as guinea pigs are valuable for 
assaying Schick toxins. 
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SUMMARY 


A study of lethal responses to Schick toxin in White 
Rock chicks and three strains of guinea pigs bred by 
the National Institutes of Health has been described. 

Differences in strain and sex response of guinea 
pigs used in assaying Schick toxin have been shown 
to account for some of the variations in death time 
frequently encountered. 

Chicks were found reliable in response and sensitive 
to less than 10 per cent variation in toxin dose. 

A study of the response of guinea pigs and chicks 
to the same amounts of the selfsame toxin prepara- 
tions show that the results obtained with these two 
animals are comparable. 

In the guinea pig test, the important factor to be 
recognized is homogeneity of strain and sex of the 
animals used. 

Chicks are suggested as a satisfactory and practica- 
ble alternate lethal test animal in the assay of Schick 
toxins. 
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Interest in the fungal sterols has been stimulated 
by the use of ergosterol as a precursor for the produc- 
tion of synthetic steroid hormones. Fried et al. (1952), 
Peterson et al. (1952) and Eppstein et al. (1953) have 
indicated a number of pathways by which these syn- 
theses occur. isolated studies of the sterol 
content of a few types of fungi have been made em- 
ploying only one or two methods for cell disruption 
and extraction (Preuss et al., 1931, Bernhauer et al., 
1935, and Cavallito, 1944). Hence, it seemed advisable 
to evaluate the several methods available and to devise 
technics for rapid screening of numerous fungal types. 
Previously, interest has been directed toward mechani- 
‘al cell disruption. In this work, hydrolytic procedures 
were used to facilitate processing a large number of 
samples. 


Several 


MATERIALS AND METHODS 

Dried baker’s yeast? was chosen as an inexpensive 
and relatively material for experimental 
disruption. Samples of 2.5 g of yeast were suspended 
in 30 ml of NaOH or H.SO, in varying concentrations 
and autoclaved for 1 hr at 121 C. Similar samples were 
suspended in water and subjected to several freeze- 
thaw cycles ranging from —20 C to room temp. Addi- 
tional samples were incubated with 25 mg of trypsin 
at 37 C at pH 8.0 for various time intervals. 

\fter equilibrating to room temperature, 
system was extracted with equal volumes of ethyl 
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ether or petroleum ether on a reciprocating shaker for 
1 hr. Repeated extraction proved valueless. The mix- 
tures were allowed to separate overnight in the cold. 
The ether layers were collected and dried with anhy- 
drous NaSOy. The organic solvents were dispelled 
from the dried fractions in vacuo with gentle warming. 
After cooling to room temperature, each residue was 
taken up in 25 ml of chloroform. 

Aliquots of each dissolved residue were subjected to 
the Liebermann-Burchard color reaction as described 
by Todd and Sanford (1948). In as much as the color 
developed in this reaction was found to obey Beer’s 
law with ergosterol in concentration of 10 to 100 ug 
per ml, a standard curve of reference was obtained. 
The colorimetric readings from the aliquots were com- 
pared to the standard curve to determine sterol con- 
tent. In establishing the standard curve, freshly 
prepared ergosterol and newly opened reagents should 
be used since both are somewhat unstable when stored. 

The classical sterol-digitonide reaction as described 
by Gardner et al. (1938) was applied to the ether ex- 
tract of samples hydrolyzed with 5 per cent NaOH. 
This laborious technic was used only for comparison. 
Extracts were also analyzed chromatographically 
using the hexane-ether solvent of Shull ef al. (1952) 
to assay for steroids other than sterols. 


RESULTS 
Hydrolysis with 5 per cent NaOH was most effective 
for disruption of cells and ether extracted the sterols 
from the hydrolysate more efficiently than petroleum 
ether (table 1). The figures were obtained by compari- 
son with the standard curve of reference (figure 1). 
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TABLE 1. Procedures for cell disruption and extraction of sterols 





Average Yield as per cent of 
Cell Weight 
Disruptive Procedure 


1-hr ether 


1-hr petroleum 
extraction 


ether extraction 








ee emulsion emulsion 
0.1n NaOH....... 0.28 emulsion 
5% H2SO,. - 0.72 0.60 
5% NaOH..... 0.90 0.80 
10% H2SO,. we 0.70 0.65 
10% NaOH.. ae 0.88 0.79 
ere 0.11 0.08 
Freeze-thaw........ emulsion emulsion 
250 
200 
150 
Klett 
Reading 
100 
50 
20 ho 60 80 100 
Ergosterol, ug/ml 
Fic. 1. Standard curve of the colorimetric response of 
ergosterol. 
Lesser concentrations of acid and alkali gave pro- 


gressively diminishing yields and greater concentra- 
tions did not enhance the yield. The emulsion formed 
with the freeze-thaw technic was broken by adding 
alkali but the quantity of sterol released by this pro- 
cedure was negligible. 

Chromatographic analysis revealed a single spot 
from the extract having the same R; value as ergosterol 
and cholesterol. The quantitative digitonide precipita- 
tion method indicated about 85 per cent as much 
sterol as was evinced by the colorimetric determina- 
tion. Although trypsin was not effective other lytic 
enzymes may be. A further study of enzyme hydrolysis 
is contemplated. 


Discussion 
The use of alkaline hydrolysis for cell disruption and 
colorimetric determination of sterol content has pro- 
vided a rapid and effective method for screening 
numerous samples. The validity of the colorimetric 
technic was borne out by the digitonide method. 
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Although some discrepancy was evident betwee . the 





two methods, this may be attributable to the sol rility | 


of the digitonide in hot water and to the diffic iltie | 
listed by Maguigan and Walker (1940). Stoud 
Foster (1954) found that results obtained by a mo {ified | 
Liebermann-Burchard method closely correlated with | 
the results obtained by ultra-violet absorption. I), any 
event, the purpose of this investigation has been to 
devise a suitable screening operation rather thon to 
establish a rigidly exact analysis. 

The chromatographic procedure indicated no steroids 
present in the yeast hydrolysate other than sterols 
Unfortunately the chromatographic analysis is not 
sufficiently sensitive to separate the sterols that may 
be present in the yeast. (Smedley-MacLean, 1928). 


SUMMARY 

A study has been made of various methods for assay- 
ing the sterol content of fungi. Alkaline hydrolysis of 
yeast cells followed by extraction with ether is an ef- 
fective procedure for obtaining sterols. The Lieber- 
mann-Burchard reaction used 


color quantitatively 


provides a rapid screening technic. 
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Because of recent intensified interest in cortisone 
and its derivatives in the medical field and because a 
satisfactory starting material for synthesis of these 
compounds has been demonstrated (ergosterol from 
fungi), it was felt that a survey of the sterol produc- 
tion of a number of representative yeasts and molds 
might be of value. 

Numerous investigations have been made of the 
sterol content of some of the fungi since Tanret (1889) 
first isolated a sterol from the ergot fungus and called 
it ergosterol. Gerard (1892, 1895) isolated a 
from Penicillium glaucum and Mucor mucedo with 


sterol 


properties similar to ergosterol. Smedley-MacLean 
(1928) noted a sterol from yeast having properties un- 
like those of ergosterol Bills et al. (1930) reported on 
the ergosterol content of several yeasts. Preuss and his 
(1931, 1932, 1934) studied dried fungal 
material from a number of aspergilli and penicillia 
and reported that the sterol content varied with the 
species and with the growth medium employed. Bern- 


coworkers 


hauer and Patzelt (1935) also reported variations in 
content among 15 species of aspergilli. Wenck et al. 
(1935a, b) 
production of Aspergillus fischert. 

Vanghelovici and Serban (1940, 1941) found that 
Aspergillus niger growing in a medium containing 


studied the factors effecting the sterol 


glycerol as the sole source of carbon synthesizes con- 
(1944) that 
several penicillia used industrially produced less sterol 
in submerged culture than on surface growth. Ellis 
(1945) made note of the antirachitic potency of the 
sterol of Aspergillus flavus-oryzae. Angeletti and Tappi 
(1947) reported variations in the melting points of 


siderable sterol. Cavallito indicated 


sterols from Penicillium luteum purpurogenum, Peni- 
cillium luteum and Penicillium notatum. 

Until the report of Dulaney et al. (1954) on the ergo- 
sterol production of yeasts, studies of the sterol con- 
tent of fungi had been limited to relatively few or- 
ganisms. Studies regarding the sterols of the molds 
have been for the most part restricted to the penicillia 
and the aspergilli. The purpose of this paper is to pre- 
sent the results of a survey of the sterol. content of a 
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representative grouping of yeasts and molds. Because 
the cultural conditions were nearly constant through- 
out, the quantitative data may represent a basis for 
the comparison of sterol content over a broad range of 
fungi. 


MATERIALS AND METHODS 

Organisms to be assayed were grown in Wickerham’s 
medium (0.3 per cent Bacto yeast extract, 0.3 per cent 
malt extract, 0.5 per cent Bacto peptone and 1.0 per 
cent glucose). All cultures were grown on a reciprocat- 
ing shaker at room temperature (25 to 28 C) for five 
days. 

Mold mycelia were filtered from the growth medium 
and allowed to dry at 37 C. The yeasts were harvested 
by centrifugation, washed and dried in vacuo over 
P.O; at temperature. The 


room methods for cell 


TABLE 1. Average sterol content of molds assayed 


Average Average 
Organism Source aie hag td 
Mycelia Mycelia 
mg/100 ml per cent 
Eremothecium sp. Ur 477 0.69 
Aspergillus effusus ; UT 410 0.50 
Aspergillus flavipes. ; UT 513 0.15 
Aspergillus flavus UT 417 0.69 
Aspergillus fumigatus UT 550 0.13 
Aspergillus humicola-A UT 338 0.79 
Aspergillus luchuensis...... UT 445 0.84 
Aspergillus niger......... UT 589 0.57 
Aspergillus wentii. . UT 408 0.23 
Cephalosporium acremonium. . UT 510 0.68 
Cephalosporium sp..............| UT 521 0.22 
Cercosporella albo-maculans.....\ UT 503 0.47 
Colletotrichum graminocolum. . . UT 430 0 
Dactylium sp......... oe ee 537 0.56 
Fusarium vasinfectum. . UT 489 0.18 
Helminthosporium sp....... UT 320 0.44 
Neurospora crassa...... UT 351 1.07 
Penicillium chrysogenum.... UT 629 0.16 
Penicillium westlingii. . UT 232 2.20 
Physalospora obtusa...... ; UT 643 0 
Rhizoctonia purpureum......... UT 636 0.48 
Rhizopus nigricans. . err UT 440 0.09 
Trichoderma koningii...... oes) TE 597 0.62 


* Cultures designated UT are natural isolates, isolated and 
identified by Dr. J. O. Mundt of this department. 
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TABLE 2. Average sterol content of yeasts assayed 


er Average 
Organism Source Dey Nag oa 
4 Cells 
mg/100ml\ per cent 
Ashbya gossypii NRRL-Y-1056 287 0.37 
Candida albicans. Smith College 105 0 
Candida krusei Smith College 474 0.30 
Candida parakruseti Smith College 736 0.06 
Candida tropicalis Smith College 86 0 
Cryptococcus sp. i og 528 0.08 
Debaryomyces globosus NRRL-Y-1952 313 0.32 
Endomycopsis javanensis NRRL-Y-1483 | 438 0.71 
Hansenula mrakii.... NRRL-Y-1798 604 0.32 
Hansenula silvicola.. . NRRL-Y-1648 280 0.89 
Kloeckera apiculata ATCC-10634 39 0 
Mycoderma sp... UT 377 0.54 
Oospora lactis. . ae ty i 296 0 
Pichia membranaefaciens ATCC-2254 108 0.44 
Pichia membranaefaciens UT 182 0 
Rhodotorula sp. UT-081450 314 0 
Schizosaccharomyces 
octosporus. NRRL-Y-855 252 0.56 
Schizosaccharomyces 
octosporus.... ATCC-2429 195 0.82 
Schwanniomyces sp.. UT-112049 570 0 
Trigonopsis variabilis ATCC-10679 402 0.92 
Yellow yeast—unidentified.| Pollard-UT 323 0 
Yellow yeast—3 unidentified) UT 140 0.42 
Yellow yeast—4 unidentified UT 247 0 
Yellow yeast—6 unidentified) UT 507 0 
Yellow yeast—7 unidentified) UT 532 0 
Yellow veast—8 unidentified UT 553 0 
Zygopichia chevalieri. . 111149-UT 174 0.53 
Zygopichia chevalieri... ...., ATCC-2605 328 0.76 
Zygosaccharomyces barkerii., ATCC-2606 274 0.34 


Zygosaccharomyces lactis NRRL-Y-1140 | 347 1.90 
Zygosaccharomyces lactis....| NRRL-Y-1205 | 409 0.97 


| 


* Cultures designated UT were isolated by 
and Mr. A. L. Pollard of this department. 


or. 3.4 


~ 


. Mundt 


disruption, extraction and determination of sterols 
have been described (Kieber et al. 1955). 
RESULTS AND DISCUSSION 
Results of the screening operations recorded in 
tables 1, 2 and 3 indicate that yeasts of the genus 
Saccharomyces have the highest sterol content of the 
organisms assayed, confirming the findings of Dulaney 
et al. (1954). Of 21 strains of Saccharomyces cerevisiae 
reported by those workers, the sterol content varied 
from 0.1 to 8.5 per cent after seven days growth and 
from 0.2 to 9.8 per cent after nine days growth. To our 
knowledge, this is by far the highest sterol content of 
the fungi to be reported. The wide variation among 
the strains of S. cerevisiae was not observed in our 
studies using a complete medium. It was felt that as a 
result of the relative constancy of sterol content among 
members of the genus Saccharomyces, certain tax- 
onomic significance might be attached. 
In general, yeasts of the family Endomycetaceae 


TABLE 3. Average sterol content of members of the ge u 
Saccharomyces assayed 


nm 


Weight | “erage FG 
Organism Source of Dry terol 

Cells HY | 
mg/100ml\ per cent 
S. carlsbergensis.... ATCC-10956 266 .80 
S. carlsbergensis NRLL-Y-1005 374 1.70 
S. cerevisiae UT-139 429 2.90 
S. cerevisiae (Balt) Seagrams* 310 2.40 
S. cerevisiae (RASM) Seagrams 464 2.53 
S. cerevisiae (K-44).. Seagrams 411 1.02 
S. cerevisiae (1-Y).. Seagrams 498 1.18 
S. cerevisiae (RANK) Seagrams 493 2.38 
S. cerevisiae (LOGO) Seagrams 496 1.64 
S. cerevisiae (F-22). Red Star 359 1.30 
S. cerevisiae (N-72) Red Star 406 2.18 
S. ellipsoideus (SET) UT (Mundt) 425 0.94 
S. ellipsoideus Fabian-1942 °| 432 1.50 
S. ellipsoideus Penn 386 2.30 


S. globosus 
A) ae 
S. thermantitonum (HER). 


NRRL-Y-409 224 0.65 
NRRL-Y-974 180 2.40 
ATCC-563 403 1.33 


* Cultures designated Seagrams and Red Star were received 
from Dr. J. Chrisman, Louisiana State University. 
t Also classified as Saccharomycodes ludwigii. 


were routinely high yielders while those in the family 
Cryptococcaceae were without demonstrable sterol in 
this study, with the exception of Trigonopsis variabilis 
ATCC 10679. Among the molds assayed, Penicillium 
westlingii and Neurospora crassa were most productive 
of sterol. The aspergilli produced, on the average, a 
relatively high amount of sterol when compared to 
other organisms tested. These results are in harmony 
with the results found in the literature. However, the 
variation among the molds seems to indicate that 
molds bear no common relationship in regard to sterol 
content. 

Quantitative variation of sterol content within the 
yeasts assayed would appear, from the results of this 
work, to afford a possible dichotomous separation into 
the two above mentioned families: the Endomycetaceae 
comprising an ‘‘upper level” of sterol content, while 
the Cryptococcaceae make up a “lower level.” Tax- 
onomic placing, in regard to familial relationships, of 
unknown cultures has been demonstrated in_ this 
laboratory in model experiments. It is unfortunate 
that no member of the family Sporobolomycetaceae 
were assayed. Further work with this family is con- 
templated. 


SUMMARY 


A survey of the sterol content of a number of yeasts 
and molds, employing constant cultural conditions, 
has indicated that members of the genus Saccharomy- 
ces produce the greatest yields. 

The possibility of the existence of taxonomically 
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significant sterol ‘‘levels” within the yeasts has been 
suggested. It is thought that since the technic for 
determination of sterol herein employed is not overly 


laborious, a taxonomic ‘‘tool” for screening purposes 
may be established. 
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